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ABSTRACT 

The resident fish communities in four quadrats (10m, 
20m, 30m, 40m depth) along three transects on the fringing 
reef of Curagao, and one transect at Bonaire, were basically 
Similar in trophic composition, activity periods and home 
range designations. The dominant trophic group was the plank- 
tivores. Most of the resident fishes were diurnally active 
and the cryptic element of the communities was substantial. 

At night, non-resident planktivores sheltering in the quadrats 
were very abundant; the numbers of apogonids were considerably 
greater than during the day. 

Similarity in species composition as measured by the 
coefficient of community (CC) and Euclidean distance (D) showed 
the greatest change between 10m and 20m. The CC values for the 
deeper communities (30m and 40m) exhibited high similarity, but 
the D values were more variable. Communities from a number of 
quadrats at different depths demonstrated high similarity (D 
index), There was no systematic tendency for communities at 
the same depth to have similar D values. 

There were few changes in the species composition of 
the communities over the 18 month study period. Several cases 
of the possible “extinction” of a species were found. 

The diversity patterns (Hill's numbers) along the tran- 
sects showed that species richness (No) declined from 20m to 
4Om, The two diversity measures, N, and Ny , exhibited no 
consistent trends along any of the transects. The beta diver- 


sity of the transects ranged from 0.57 at Bonaire to a maximum 
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The recruitment patterns of 16 resident species from 
seven families were examined. Size-designated postlarval re- 
cruits were counted in all quadrats and the overall pattern of 
occurrence and abundance for the three Curacao transects was 
determined, Most of the species had two peaks in abundance, 
one in the spring (March-May) and one in the autumn (September- 
November). The species with the largest sample sizes had re- 
cruits present essentially throughout the year. 

A temporal analysis of four community parameters was 
made to detect evidence of changes in community structure and 
possible seasonal trends. Species richness was mainly linear 
with some fluctuations. The number of fishes (NCP) exhibited 
large fluctuations in abundance which appeared to be seasonal. 
NCP was highly correlated with water temperature. The temp- 
oral variation in both diversity (Ny) and evenness (Eo 4) pro- 
vided little evidence of ae tenn changes. 

A detailed analysis was made of the use of space by 25 
resident species, The territorial pomacentrids had a strong 
influence on the use of space by other species. Within the reef 
infrastructure, the holocentrids showed the highest degree of 
spatial constancy. Many cases of the diurnal-nocturnal sharing 
of the same shelter site by different species were found. 

The substrate rugosity (SR) patterns down the transects 
reflected a basic similarity in geomorphology between 20m and 
4Om, Vertical relief fee correlated with the SR of each quadrat. 
A correlation was found between the resident species richness of 
a quadrat and its SR value. This relationship was tested in two 
experimental quadrats and the results were in agreement with 


those predicted. 
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INTRODUCTION 

Scleractinian coral reefs have a geological record 
which dates from the middle Triassic (Newell 1971). This long 
evolutionary development has culminated in modern coral~algal 
reefs of extraordinary biological complexity and high species 
richness in many taxa. The fishes associated with reefs show 
a bewildering array of shapes, colours and sizes, presumably 
the result of long-term speciation in a favourable, relatively 
constant environment. Smith and Tyler (1972) have postulated 
the major steps that may have occurred in the community evol-~ 
ution of reef fishes to their present day organization. A 
thorough review of the work on reef fishes (Ehrlich 1975) em- 
phasizes the tremendous diversity in the behaviour and ecology 
of reef species as well as the coevolved nature of many rela- 
tionships. 

Much of the early work on reef fishes was essentially 
Gescriptive - faunal lists with natural history observations. 
The works of Beebe and Tee-Van (1933) and particularly Longley 
and Hildebrand (1941) are excellent examples of the pioneering 
studies in the field. Few of the other studies which followed 
dealt with reef fish communities although the study of Odum and 
Odum (1955) of the organic productivity of an atoll included 
a trophic and biomass assessment of the fish fauna. Bardach 
(1959) estimated the summer standing crop of reef fishes in 
Bermuda, as well as the extent of movement of some species 
(Bardach 1958). He found that several species showed a tend- 
ency to return to a home reef. Springer and McErlean (1962) 


obtained similar results with tagged fishes in Florida. An 
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important contribution to community ecology was the work of 
Hiatt and Strasburg (1960) who described the habitat and 
feeding relationships of a large number of species on a Paci- 
fic reef. A comparison of the standing crops of reef fishes 
of an artificial reef and a natural reef (Randall 1963) showed 
the potential of artificial reefs in increasing the standing 
crop in an area by providing suitable shelter. Clark et al. 
(1968) investigated a reef fish shore community in the Red 
Sea and obtained estimates of both species richness and biomass. 
Talbot (1965) demonstrated the influence of different 
coral substrates on the fish species composition of a reef off 
East Africa. He showed that many species were restricted in 
their habitat distribution. Talbot and Goldman (1972) and 
Goldman and Talbot (1976) have shown that different habitat 
zones of a reef have distinctive fish faunas as well as a 
different trophic composition. Ina detailed analysis of a 
single community, Smith and Tyler (1972) discussed the space 
sharing mechanisms which enhance species packing in coral reef 
fish communities. A subsequent work dealt with the succession 
and stability of fish communities on patch reefs (Smith and 
Tyler 1975). This was the first attempt to describe temporal 
changes in reef fish community structure and diversity as in- 
fluenced by changes in the substrate. The importance of the 
individual size of infaunal species in regulating the occurr- 
ence and relative abundance of other species in the community 


has been postulated by Smith (1975). 


The elucidation of the population structure of reef 
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fish communities is difficult, owing to the wealth of inter- 
acting factors. As coral reefs are only found in a benign, 
relatively predictable environment, the organisms living on 
them comprise biologically accommodated communities (Sanders 
1968). Hence, interactions, mainly competition and predation, 
will be the principal forces shaping the communities. Sym- 
biotic relationships, particularly those involving commensal 
"cleaners", are also well developed in reef fishes (Losey 
1972). The influence of one species of "cleaner" fish on the 
point diversity of reef fishes has been demonstrated by Slo- 
bodkin and Fishelson (1974). 

The high degree of species packing suggests that com- 
petition is probably an important factor influencing community 
aatanes ate in reef fishes. Connell (1975) has suggested that 
in areas with benign physical conditions, such as coral reefs, 
predation is more intense than in areas with severe physical 
conditions, and that many species seldom reach population den- 
sities where competition is likely to occur. This leads to 
the possibility that predation may be more important in deter- 
mining the community structure of reef fishes than competition. 
However, little is known of the ecology and population dynamics 
of most coral reef predators (with the exception of a few 
commercially important species). Thus, evaluation of the in- 
fluence of predators on community structure will have to await 
more knowledge of their species biology. Assuming that preda- 
tion is very intense on reefs, then suitable refuges for prey 
species will be extremely important in determining community 


composition. Smith and Tyler (1972) have emphasized the cri- 
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tical nature of adequate refuges for reef fishes. Competition 
for a limited number of such refuges will undoubtedly occur, 
but whether it will be more important than predation in shap- 
ing community structure is not known. 

The nature of competition between reef fishes is 
blurred by the fact that many species are habitat and food 
generalists. There is considerable overlap in both habitat 
(e.g. Bradbury and Goeden 1974) and diet (e.g. Emery 1973) in 
many coexisting species. Sale's (1974, 1975) studies of 
guilds of territorial pomacentrids has considerably clarified 
the nature of the interactions between, and the coexistence of, 
the guild members. He has shown that chance mortality and re- 
cruitment play a very significant role in determining small 
scale species composition, 

As predation occurs unpredictably in time and space, 
vacated areas may appear at any time on the reef. The avail- 
ability of recruits to colonize such areas will be dependent 
on the spawning periodicity of the populations in the region. 
The presence of a permanent pool of recruits ready to utilize 
vacated space would be beneficial for a species. The patterns 
of reproductive periodicity may therefore have evolved to 
maintain a continual source of recruits as potential colonizers 
and to buffer predation losses. 

There are fewstudies dealing with reproductive season- 
ality in reef fishes in the Caribbean. Erdman (1956) presents 
evidence of periodicity in spawning of fishes in Puerto Rico. 


The occurrence of ripe fishes or the presence of very young 
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individuals was considered as evidence of spawning activity. 
Munro et al (1973) provide records of the time of spawning of 
83 species of reef fishes in Jamaica. Details of seasonality 
in spawning are given for 35 species. These authors determined 
that there was a general spawning peak from February to April, 
although some families showed evidence of spawning throughout 
the year. Powles (1975) studying larval fishes around Barbados 
found that there were two peaks of abundance in most of the in- 
shore reef fish families, a spring peak (March to May) and an 
autumn peak (August to October). Corresponding recruitment 
peaks would be expected to occur following these peaks in lar- 
val abundance. 

Most of the studies dealing with recruitment in reef 
fishes have centred on experimental rather than natural hab-~ 
jitats. In these studies, recruits were any fishes, juvenile 
ae WETNESS. which were attracted to the experimental structures. 
Sale and Dybdahl (1975) have shown that recruitment to a series 
of small experimental habitats (live coral and coralline rock) 
on the Great Barrier Reef shows a seasonal periodicity, but 
does occur throughout the year. There was evidence for a res- 
tricted recruitment period in only three species out of the 
56 studied. Russel et al. (1974) have shown that recruitment 
to a series of artificial reefs in the same srea is markedly 
seasonal and is mainly by juveniles. 

Most studies of reef fish communities have been of 
-short duration providing only a brief glimpse of Jong term 


processes guch as recruitment, and changes in species richness, 
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diversity or numbers of fishes. Other studies have sampled 

the same communities at variable time intervals and examined 
the differences between samples for evidence of changes in 

the community (Smith 1973; Smith and Tyler 1975). The similar- 
ity of samples collected repeatedly from the same experimental 
habitats has been used to test theories of reef fish community 
structure (Sale and Dybdahl 1975). Continuous monitoring with 
short time intervals between samples is the most effective 
means of determining the constancy or degree of change of para- 
meters over an annual cycle. Such studies in reef areas are 
few in number. One of the purposes of this study was to pro- 
vide insight into the natural fluctuations of community para-~ 
meters over an extended period. 

The significance of space as a limiting resource in 
reef fish communities (Smith and Tyler 1972) and in guilds of 
pomacentrids (Sale 1975) has recently been investigated. Sale 
(1975) has shown that the total amount of space used by guild 
members on three different rubble patches did not change signi- 
ficantly over a one year period. The constant use of space 
by territorial pomacentrids is well documented (Low 1971; Rasa 
1969; Myrberg and Thresher 1974). However, little is known 
about the use of space by the smaller, less conspicuous mem« 
bers of the reef community, particularly those residing within 
the reef infrastructure. Information is presented here which 
provides insight into the use of space by the cryptic members 
of the community as well as furthering previous findings on 


pomacentrids. 
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Owing to the dependence of most reef fishes on the 
substrate for shelter, as well as food, it may be expected 
that the nature of the substrate will strongly influence the 
species composition and diversity of fishes in an area. The 
effect of spatial heterogeneity on community diversity was 
first investigated by terrestrial ecologists. They have de- 
vised various measures of habitat complexity and have attempt- 
ed to correlate them with species richness or diversity. Most 
of these measures quantify the heterogeneity or patchiness of 
the habitat under study. Significant correlations have been 
found in a wide range of taxa including rodents (Rozensweig 
and Winakur 1969: M'Closkey 1976), birds (MacArthur et al. 
1962; MacArthur 1964; Roth 1976), lizards (Pianka 1966) and 
insects (Murdoch et al. 1972). 

Few studies have attempted to quantify substrate com- 
plexity in marine or aquatic habitats. Kohn (1967) and Kohn 
and Leviten (1976) found a positive correlation between mea- 
sures of habitat complexity and species richness in tropical 
gastropod molluses. Harman (1972) found a similar correlation 
between substrate diversity and mollus¢e species diversity in 
lakes. The diversity of tidepool fishes has been shown to be 
correlated with habitat diversity (Weaver 1969). 

Only two studies have provided estimates of the sub- 
strate complexity of an areaon the reef and sought correlations 
of this measure with the fish species richness or diversity 
found there (Risk 1972; Talbot and Goldman 1972). Both studies 


obtained positive correlations between these variables using 
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different substrate measures. I have used three different 
substrate variables, including a measure of substrate rugosity, 
in correlations with various community parameters, to deter- 
mine what relationships might exist between them. 

In this study, I have examined several different as- 
pects of reef fish communities. I start by analyzing the di- 
urnal species composition and structure of the communities 
along a depth gradient. The nocturnal communities of these 
same quadrats are briefly discussed and major differences be- 
tween the diurnal and nocturnal communities are noted. An 
analysis of the numerical aspects of the communities follows. 
The periodicity and abundance of the recruits of 16 species 
commonly found in the quadrats are figured. The temporal 
variation in the community parameters of each quadrat is ex- 
amined to detect seasonal changes. 

A detailed examination is made of the use of diffe- 
rent kinds of shelter sites in the quadrats by 25 of the 
resident species. I believe this is the first record of long 
term observations of the use of space by reef fish species. 
The sharing of the same shelter site in "shifts" by different 
species is demonstrated. Finally, I look at the substrate 
variables along the transects and investigate the correlations 
between them and various parameters of the communities and of 


selected species. 
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LOCALITY 

The Leeward group of the Netherlands Antilles - Aruba, 
Curacao and Bonaire - form an island chain parallel to the 
Venezuelan coast, Curagao (12°92'-12°23'N; 68°44'-69°10'W) lies 
about 70 km off the coast and Bonaire is approximately 50 km 
due east. These two islands were the sites for the study. 

Conditions for coral reef development are nearly ideal 
around the two study islands. The surface water temperature 
varies annually from about is to 28°C, The mean annual var- 
jation at 45m depth is 2,0°C (Wust 1964). Temperatures taken 
with a hand-held thermometer in situ, throughout the course 
of the study, did not differ significantly from this range 
(Fig. 1). On several occasions, a thermocline moved up the 
reef slope to a depth of 30 m. This usually occurred in 
February-April, the period of minimum water temperatures. 
The lowest temperature recorded below the thermocline was 
Zeer The maximum difference measured across the thermo- 
cline was 1.4%, 

The surface salinity remains nearly constant at 35.8 
°/oo, with a mean annual variation of 0.20 °/oo (Wist 1964). 
The tidal range is small and amounts to about 30 cm daily. 
The maximum range is 55 cm. The trade winds blow almost con- 
tinuously from an easterly direction at a mean velocity of 
6.7 m/sec. The currents along the southwest (SW) coast of 
Curacao generally flow in a northwesterly direction. The 
flow exceeds 1 knot (1.85 km/h), only 6% of the time, near 


the entrance to Willemstad harbour (Meyer 1973).: However, 
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there is some local variation in this pattern and reversals 
of direction at different times and depths were observed. 

The climate of both islands is semi~arid. Rainfall 
averages 50-55 cm/yr and usually occurs as short, heavy 
showers. Most precipitation falls during the period June to 
November (Wust 1964). There is little runoff around the 
coasts of either island. The air temperature varies only 
slightly from a mean of Ae 

The eastern (windward) coasts of both islands are sub- 
jected to heavy wave action, but prolific coral growth may 
occur in deeper, calmer water. The relatively calm, leeward 
coasts have well-developed fringing reefs. The reefs on the 
leeward (SW) coast of Curacao are characterized by a narrow 
(25-100 m wide) terrace sloping seaward from a cliff or 
shingle beach to a drop-off at a depth of 7 to 12 meters. 

The angle of the seaward slope below the drop-off varies from 


ye? to almost vertical and this slope is covered by a rich 


coral growth. Roos (1964, 1971) and Bak (1975) have described 


the coral zonation and the ecological factors affecting coral 
growth around the coasts of both Curagao and Bonaire, 

The study area in Curacao was a small section (400 m) 
of the SW coast near the entrance to Piscaderabaai (Fig. 2). 
The single site at Bonaire was on the west coast at Karpata 
(Fig. 3). Van den Hoek et al. (1975) have described the 
zonation of algae, corals and gorgonians along a transect at 
the Curacao site; Scatterday (1974) has discussed the coral 


assemblages and zonation found at Karpata. 


es ae! 7.) “a | i? 
_ t- Fa: Oh 


- 
: 7 ae * 
+= 2 5 OP mcs aw hee Tea oa au a Ses a ? a. a 
“ 7 7 _ 
- 


ghana aes Netsaiy 
aay aoe am 
jaftaisl> ALE tee eb F 


ieee 
wied fav as,42736P ge aus nate 


eae mi PReme il ietel At © wolings bitdent Fowt 
PO cs | | ae omer baat) : 
trtaqevel- dar ells aunhal aeitia S 


aie @ 
a sea = ene 4 
lei sivana (tired feger) hisses at 
2 ro wiht! oad Paw). atom) Aree (vom oF 
beer? gr eer ae Terie wane of 1 
Th * 5 nor, sedate sbqo( agameSie 


LD ¥-ons 7 Aa oebeatka hy - 2 ORS (ed 


wiaeal A ‘ 4 
> tries oo eede Sout? eons Cad 

ho detreds.'A 2 page n of dogs? o& 
gpvt 225 ab ore rd engl 6 aba ae (18 xigne 
te; ‘ Lecatie ca! ageke eles G04 Jeciodey Cals of 
Restuyanh avat | ey?) val Bapet 294! ert) agen OR 
ixeys Somndyaa ctd2sat /Tantge-os oy bie neenoe- " 
ee ee 


ie O00) nobis Lam, began ety osx! cain ih OP 
4% -akt) beosatrotern 27 of doha tend Ot soit Taman i 
ere ell 
ge rene 


ry 
. 
= 


a 
a9) 
2 
fae) 
See 
ee) 
OG 
ae) 
O 
n 
aie 


12 


. a : if - > 7 owen 
; _ a 1. > ce 5 - i. ieee 

ee ek ee 

7 _— 


= ; 


— EE a = a ——— 


atz 4c Aeifenol sng Snitdeinpas <206 6ien7 7iela shee)! 


ae asgurr ent 


et es 


22%, 5) Meoe2rert are Fe agi fing “tect aS 2 
~ _ 7 a 


4 


~ 4Karpata 


Ni 


CPEs 


5 km 


Tee ACERT ELS 


FIG, 3 - Map of Bonaire, Netherlands Antilles, indicating 


the location of the study site at Karpata,. 


the reef profile of the transect (IV). 


The inset is 


METHODS 

Three transects were established in Curacao. Tran- 
sects =) and@ll were within 25 m of each other; while ‘tran- 
sect III was about 400 m further west along the coast (Fig. 2). 
There was only a single transect at Bonaire (Fig.3). Quad- 
vats G3 me were roped off with 6.3 mm (4$") nylon line along 
the transects at depths of 10m, 20m, 30m and 40m. The quad- 
rats along transects I and II were first photographed in 
December 1973 and transect III was photographed in January 
1974, Another series of photographs was taken of all of the 
Curagao quadrats in August 1974 and June 1975. The Bonaire 
quadrats were photographed in September 1974 and May 1975. 
The series of photographs of each quadrat enabled me to assess 
changes in the substrate which might be correlated with 
changes in fish community composition. 

All photographs were taken with high speed black and 
white film (Kodak Tri-X, ASA 400), using a Nikonos II camera 
fitted with a 15 mm lens (fish-eye). Prints (20 em x 25 cm) 
“were made of each quadrat and outline copies of the main 
features were drawn on waterproof paper. These outline maps 
were subsequently used to plot the shelter sites, home ranges 
and territories of the various species during each census, 

In Curacao, a visual census was made of the fish pre- 
sent in each quadrat approximately every two weeks over the 
period January 1974 to June 1975. The Bonaire site was 
visited in June and September 1974 and February and May 1975. 


All observations were made using SCUBA. Census dives were 
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conducted at either 0900 hours or 1430 hours. A total of 

over 580 hours was spent underwater in data collection. The 
species generally considered as resident in a community 

(Smith and Tyler 1972, 1975) were emphasized, thus, terri- 
torial species and those with small home ranges tend to pre-~ 
dominate. Particular emphasis was placed on determining the 
presence and abundance of the cryptic members of the community. 
Specific shelter sites were often marked with a small stain- 
less steel pin,driven into the substrate, to facilitate moni- 
toring. Wandering herbivores, such as acanthurids and scarids 
and the ubiquitous and free-ranging labrids were not included 
in the diurnal censuses. Labrids were, however, counted 
during nocturnal censuses as they constituted a significant 
proportion of the nocturnal community. 

A series of nocturnal dives (between 2000-2200 hours) 
was conducted in Curacao from October 1974 to March 1975. 

All quadrats were censused three times during this period by 
me and my diving partner, yielding a total of 36 sets of 
observations for the three transects. Many supplementary 
observations were made outside of the quadrats. 

All species were divided into three size classes: 
post-larval (recruit), juvenile and mature. The size limits 
were established from information from the literature and by 
assessment of sizes in the field. Collections of specimens 
were made to confirm species identification and size estimates. 


During each census, all of the fishes in a quadrat 
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were counted by me and my diving partner. Results were re- 
corded on roughened plastic (Perspex) sheets with a pencil. 
The technique was as follows: starting three to four meters 
above the substrate and to either side of the quadrat, all 
identifiable species, at that distance, were counted. Next, 
after moving down to about one meter above the substrate, the 
smaller species were counted. Finally, the quadrat was 
divided into halves and the small, cryptic species in each 
half were censused separately by both observers. The pre- 
sence of these individuals was detected by systematically 
moving a hand over sand patches and corals, and by shining 
powerful diving lights into all caves and crevices. It 
appeared that the presence of most individuals was detected 
before they reacted to the light. Poisoning of quadrats to 
obtain estimates of abundance was precluded owing to the long 
term nature of the study. 

The nocturnal technique was essentially the same except 
that the diving lights were constantly on and a third diver 
was present to act as a "lookout". It was difficult to iden- 
tify and count some of the species feeding high in the water 
column above the quadrats; as a consequence, the species re- 
maining close to the substrate were emphasized. Some species 
were undoubtedly disturbed by the lights but I believe their 
presence was usually detected before they moved away. 

The counts made by each observer were compared after 


each census. Time limitations at the greater depths did not 
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permit comparisons in situ. As a result, mean values were 
entered for a species when there was a discrepancy. The 
abundance of small species forming aggregations, e.g. the 
goby, Coryphopterus personatus (Jordan and Thompson) was 
estimated to the nearest five fish. These estimates and 
those of the sand dwelling gobies, C. glaucofraenum Gill and 
Gnatholepis thompsoni Jordan were more subject to error than 
the counts of other species. 

In order to get an indication of whether the limited 
time at the greater depths had an influence on data collec- 
tion, a comparison Cee test) was made of the variances of 
the number of species observed per census at the four depths 
throughout the study. Resuits from transect II did not show 
significant variance (Rs = 1.38), while transects I (Pitas a 
iO) ae O 805 Pandata. Gia = 2.99, p<0.05) did show signi- 
ficant variances. However, the variances at the latter two 
transects were greatestat 10 and 20 m respectively, while the 
lowest values at both transects were at 40 m. Such results 
suggest that the differences in the time spent at censusing 
do not affect the comparability of the data from different 
depths. 

Several physical parameters were determined for the 
substrate of each quadrat. These included a measure of sur- 
face rugosity, vertical relief, coral species richness and 
percent coverage by ramose and glomerate corals. An estimate 


of the surface rugosity in each quadrat was obtained by the 


following technique: each quadrat was divided into rectangles 
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by positioning clothes pins at 50 cm intervals around the 
rope border of the quadrat and attaching a rope between pairs 
of pins on opposite sides. A fine link brass chain (1 link = 
1.5 em) was laid over the substrate directly under the rope 
and was made to conform as closely as possible to all contours 
and crevices, <A measure of the actual surface distance rela-~ 
tive to linear distance is obtained. This ratio is termed the 
substrate rugosity (SR) index. The procedure is repeated every 
50 cm for the dimension parallel to the drop-off and then per- 
pendicular to it. Measurements were made in both dimensions 
because some coral species have a tendency to grow horizontally 
outward from a steep slope and thus form wide ledges. It was 
felt that these ledges might significantly increase the amount 
of shelter. In addition, the vertical relief (VR), measured 
as a perpendicular fron the lowest point on the substrate, was 
recorded at each 50 cm interval along the rope. Thus, a total 
of fourteen SR measurements and 49 VR measurements were ob- 
tained for each quadrat. If this technique were to be used 
when dealing with quadrats of a different size, the interval 
and number of measurements could be adjusted to the required 
Gegree of accuracy. The mean value of the SR and VR measure- 
ments was calculated for each quadrat and these values were 
used in later analyses. Coral species richness (CS) was 
determined by counting the number of species with live colo- 
nies approximately four cm or more in diameter. 

The percentage cover by corals and sand in each quad- 


rat was determined using photographs. Inherent in this method 
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is the error involved in estimating the area of three- 
dimensional structures from a two-dimensional photograph. 
Following Hiatt and Strasburg (1960), the corals were divided 
into two broad categories, glomerate and ramose. They were 
further subdivided into live and dead coral. Glomerate 
corals were all those species having a growth form which did 
not provide interstices for fishes. The coral rock substrate 
was included in this category despite the fact that some ero- 
sional features provided shelter. Ramose corals included all 


those species whose growth forms provided shelter, either 


horizontal or vertical, for fishes. The area of each category 


was Getermined with a compensating polar planimeter. 
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ANALYSIS OF FISH COMMUNITIES 
Diurnal communities 

The majority of the species considered in this study 
were chosen because they had territories or home ranges equal 
to, or smaller than, the size of the quadrat (9 m-). They 
were also usually closely associated with the substrate i.e. 
benthic or epixbenthic. These are two distinct advantages for 
Givers conducting detailed visual censuses. 

The frequency and ease with which a given species can 
be observed in the field depends on many factors, but three 
are of general importance. Firstly, various aspects of the 
species biology - activity patterns, habitat, behaviour and 
feeding habits - must be considered. Territorial pomacentrids 
are conspicuous and can virtually always be counted when their 
territories are known, while small cryptic or nocturnal species 
may be observed infrequently because of their secretive habits. 
Secondly, the size of the territory or home range in relation 
to the size of the study area is important. The frequency 
with which a species should be observed is theoretically in- 
versely proportional to the size of its home range. This pro- 
blem was alleviated in this study owing to the concentration 
on non-labile species. Thirdly, the relative abundance of a 
Species will influence the probability of detecting its pre- 
sence. Rare species appear only occasionally in census data, 
while common species are almost always present. 

The 65 species included in the study (Table 1 ) are 


listed in conventional phylogenetic order (American Fisheries 
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TABLE 1 - List of the 65 species included in the study in 
family order. All species are resident unless otherwise 
specified. Designations of trophic category (T), activity 
period (A) and home range (R) are given. The following 
abbreviations are used: for T, h-herbivore, o-omnivore, 
c-carnivore, v-piscivore, p-planktivore, e-ectoparasite 
cleaner, u-unknown; for A, d-diurnal, n-nocturnal, b-both; 
for R, rce-home range <9m* (conspicuous), rp-home range <9m*” 


(cryptic), r+-home range >9n“, S-sponge dweller. 


T A R 
Muraenidae 

Enchelycore nigricans (Bonnaterre)* c n rd 

Gymnothorax moringa (Cuvier)? Vv n nt 

Muraena miliaris (Kaup)? c n rear 
Holocentridae 

Holocentrus marianus (Cuvier) Cc n it 

H, rufus (Walbaum) Cc n r+ 

Myripristis jacobus Cuvier 9) n Pea 

Plectrypops retrospinis (Guichenot) Cc n rear 
Syngnathidae 

Micrognathus ensenedae (Silvester) © a rp 

M. vittatus (Kaup) c a rp 
Serranidae 

Cephalopholis fulva (Linnaeus) c b ‘eee 

Hypovlectrus chlorurus (Valenciennes) Cc da eae 

H. puella (Cuvier) c . d r+ 

H. unicolor (Walbaum) c a ear 
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L., mowbrayi Woods and Kanazawa 


— 


L. rubre Poey 

Mycteroperca tigris (Valenciennes) 
Paranthiasefurcifer (Valenciennes)? 
Petrometopon cruentatum (Lacépéde) 
Serranus tabacarius (Cuvier)! 

S. tigrinus (Bloch) 


Grammistidae 


Rypticus saponaceus (Bloch and Schneider) * 


R. subbifrenatus (Gill) 


Grammidae 

Gramma Joreto Poey 

Lipogramma trilineata Randall 
Priacanthidee 

Priacanthus cruentatus (Lacépéde) 
Apogonidae 

Apogon lachneri Bohlke 

A. maculatus (Poey) 

A. phenax Bohlke and Randall 

A. Planifrons Longley and Hildebrand” 

A. townsendi (Breder) 

Phaeoptyx conklini (Silvester) 

P, xenus (3ohlke and Randall) 


Pomadasyidae 
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Sciaenidae 
Equetus punctatus (Bloch and Schneider) 
Chae todontidae 


Centrovyge argi Woods and Kanazawa 


Holacanthus tricolor (Bloch) 
Pomacentridae 

Chromis cyaneus (Poey) 

C. insolatus (Cuvier) 

C. multi lineatus (Guichenot)? 

C. scotti Emery 


Microspathodon chrvysurus (Cuvier) 


Eupomacentrus diencaeus Jordan and Rutter 


E. partitus Poey 
E. planifrons Cuvier 
Cirrhitidae 
Amblycirrhitus pinos (Mowbray) 
Labridae 
Bodianus rufus (Linnaeus) juvenile” 
Clepticus parrai (Bloch and Schneider)? 
Thalassoma bifasciatum (Bloch)? 
Clinidae 
Acanthemblemaria spinosa Metzelaar 
Emblemaria bahamensis (Stephens) 
E. bottomei (Stephens) 
Starksia hassi Klausewitz 


Enneanectes atrorus Rosenblatt 
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Blenniidae 
Ophioblennius atlanticus (Valenciennes) h a re 
Gobiidae 
Coryphopterus glaucofraenum Gill h a ree 
C. lipernes Bohlke and Robins p d rc 
C. personatus (Jordan and Thompson) p a rc 
Gnatholepis thompsoni Jordan h ol me 
Gobiosoma evelynae Bohlke and Robins e d re 
G. horsti Metzelaar Cc a Ss 
G. randalli Bohlke and Robins e a rc 
Nes longus (Nichols) u a rp 
Quisquilius hipoliti (Metzelaar) p a rp 
Canthigasteridae 
Canthigaster rostrata (Bloch) oO a gS 


1 Visitor 


e observed only in Bonaire quadrats 


3 


considered only in nocturnal censuses 


I have collected information which indicates that this 
species is probably the male of Emblemaria bottomei. 
However, as it is ecologically distinct and has not 
yet been formally synonymized, I have left it as a 
separate species. 
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Society 1970). Most of the species listed are resident. They 
largely conform to Smith and Tyler's (1975) definition of res- 
ident species - "those (species) that had a definite home 
(=shelter site) within the study reef or whose home range in~ 
cluded the study reef so that the same individuals returned 
repeatedly to the reef." In most studies, the designation of 
a species as resident has been based on short term observations; 
here, I consider the occurrence of species in 18 months of 
census data. 

The procedure for determining the resident species in 
each quadrat requires some explanation. The probability of 
occurrence of a species in the census data was assigned to 
one of three categories, foliowing an assessment of the factors, 
just discussed, associated with visual censusing. The major 
distinction was between species with a home range smaller than 
the quadrat i.e. <9 m2 (r) and those with a home range larger 
(r+). The r category was further subdivided into species 
which were conspicuous (c) and those which were cryptic (p). 
This distinction was based on the colouration, behaviour and 
microhabitat of each species. The probabilities assigned to 
the three categories were as follows: rc - 75%, rp - 25% and 
r+ - 35%. These percentages should be considered as minima, 
i.e. the species would be expected to be present at least that 
percentage of the time, if it were resident. This is based on 
the assumption of Smith (1973) that acceptable microhabitats 


are consistently occupied by species that are adapted to them, 


although the occurrence of a given species in a particular 
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census is mainly a matter of chance. 

The number of occurrences (%) of each species in a quad- 
rat was determined for the period of the study; this percent- 
age was tested (Chi-square) against the assigned probability 
of occurrence for that species. If the value was significantly 
(p<0.05) below that expected, the species was not included as 
a resident in that quadrat. This procedure arbitrarily excludes 
some species, but emphasizes the consistency of occurrence as 
the most important aspect of residency. The physical changes 
in the substrates of the quadrats were relatively minor during 
the study. It seems unlikely, therefore, that such changes 
caused the permanent disappearance of any species. 

All of the census data were used in the calculation of 
the community parameters. The initial data reduction was accom- 
plished using a program, written in Fortran, which calculated 
parameter values for each sample as well as a mean value for 
the quadrat. Subsequent statistical analysis was performed 
using various programs in the APL statistics workspaces (STF2, 
SRATIJ cpr otA eat ethemuniversity of Albert ta.ss Add) t10nai Dror 
rams in another APL library (CHER) were used to calculate diff- 
erent indices e.g. Euclidean distance. 

The diversity of each community was examined using 
Hill's diversity numbers (Hill 1973). The following parameters 
were determined for each quadrat: species richness, Hill's Nos 
total number of fishes (N), total number minus the goby Cory- 
phopterus personatus (NCP), two measures of diversity, Hill's 
N,(=e"") and No(=1/Eip,“) and Hill's evenness, Ey 4(=N,/N,). 
Ny a heterogeneity: index, is most sensitive to changes in the 


importance of the rarer species in a sample, while Nos a dom- 
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inance index, is most strongly affected by the commonest 
species (Peet 1974). Mean values of these community para- 
meters for each quadrat are given in Table 2, 

The rationale for including the NCP category was to de- 
crease the bias in N caused by the abundance of Corvphopterus 
personatus in some quadrats. The mean values of N ranged from 
28 to 409 individuals (Table 2). With the numbers of C. per- 
sonatus removed, the range is 24 to 159 individuals. This 
species was most abundant in Eonaire where it ranged up to a 
mean of 250 individuals per quadrat (Table 2). 

A correlation matrix of the mean community parameters 
from Curacao (Table 3), produced a number of significant correl- 
ations. Species richness (No) was correlated with N and with 
NCP, The latter two parameters were themselves correlated pro- 
bably because of collinearity with Nos Not surprisingly, Ny 
and Ne were the most highly correlated parameters (Hill 1973). 
Evenness was negatively correlated with both No and N, but posi- 
tively correlated with N, (Table 3). 

An analysis of the diversity patterns down each tran- 
sect (Fig. 4) revealed one consistent trend. In Curagao, Ny 
was always highest at 20 m and declined with depth. In Bon- 
aire, there was a steady decline from 10 to 40m. The two 
measures of diversity Ny and No were highly variable and con- 
sistent trends with depth were not apparent. I have shown 


that N, is correlated with one of the substrate variables (SR) 


0 
in the quadrats (Table 35). I believe that this relationship 


is at least partially a causal one. Thus, the pattern of No 
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TABLE 3 - Correlation coefficient matrix of the mean fish 


community parameters from 12 quadrats at Curacao. 


No N NCP Ny No En 4 

No 1 
N 0, 860*** 1 
NCP 0,683* 0,682# 1 
Ny One 27 =051 38 0.176 1 
No -0,136 Ag albisy -0.093 0.928*** 1 
Eo 4 -0,730%** =O O2oe ee O70 0.464 OT (Op seed 

%¢ 

p<0.05 

Pe 0801 

ttt 4 


ue 02001 


a a | = 


a“ » rariyhws pacbgsewes ‘- 
’ ’ — - * ys 


i jet ven s2 arethits. .YCert btn) eae eu 


sre =< é— ee ———E———— —> _ - + Se 
— > 
i 
G« 5 » = 
a ——— a owe - = aS 
——- - 
® i ss 
; HT O 
I ),! . 
7 - = 
j cf ‘J & = =e 
ar, > 
5 PoP “4 ; . | ? 
ve 
* * 
wo ~~ 
2... Oe i. @EF a ségre, 
i. - 
LOL AAS) _ a <— Pag nas 4 See _ 


, 


ia | weed 
i y y Bi 
Loc ii -dan 
tah + oo 
ie 


\CME2 08 COMM CACM Oo Mc oNmEO 
DEPTH (m) 
FIG, 4 - Diversity patterns along three transects Clie 
III) at Curagao and one transect (IV) at Bonaire. The 
mean values of Hill's diversity numbers (No» Ny» No) 


are plotted, 
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along the transects cannot be attributed solely to a factor 
associated with depth. 

The diversity of each transect (beta diversity) was 
calculated using the formula BD = Sc/S (Whittaker 1972), 
where Sc is the species richness of the composite sample 
(combining the four quadrats) and S is the mean number of 
species per quadrat. The value of BD is an expression of 
the number of turnovers in species composition along the tran- 
sect. Whittaker (1972) recommends using (BD - 1) to express 
beta diversity, as a single sample may be considered to have 
zero beta differentiation. The beta diversity values of the 
four transects are given in Table 4. A value of zero indi- 
cates identical species composition and 1.0 a complete spe- 
cies turnover. Transect IV has just over half a species 
turnover, while transect I has a complete turnover. The two 
other transects have values intermediate to these. The 
differences in beta diversity between transects are further 
exemplified in the comparisons of species composition along 
the transects. 

In order to compare the resident communities in each 
quadrat, two different indices were used. The Jaccard index, 
also known as a coefficient of community (CC) (Goodall 1973), 
considers only species presence or absence. It is calculated 
by the formula CC = a/atbte where “a” is the number of species 
common to the two samples and "b" and "c" are the numbers of 


species exclusive to each of the two samples. The index ranges 
in value from zero (no species in common) to one (identical 


species composition). 
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TABLE 4 = Beta diversity (BD - 1) of three transects (1,11, 


Til) at Curagao and one transect (IV) at Bonaire. 


Transect BD - i 
I oh fale) 

Il (Osten 
TEI 0.74 


IV 0.57 
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Euclidean distance, which may be used to measure comm- 
unity similarity (Heatwole and Levins 1972), takes into account 
the relative abundance of the species. It is calculated by 

8 1 
= 23 2 \2 
ais okguies) Ds 5 2 Pu Ps)” | where "s" is the total 
number of species in the samples, Ps is the proportion of 


individuals in community i that belong to the yeh 


species and 
Ps is the equivalent proportion of individuals in community "j". 
Only the 42 most common species were used in the calculations. 
The values of D range from one (no similarity) to zero (iden- 
tical samples). 

All combinations of quadrats (120 pair-wise comparisons) 
were tested with each of the two indices (Table 5 ). A value 
of 0.750 for the CC index was chosen as the criterion for high 
similarity. The comparable value for the D index was 0.250. 
Only six pairs (5%) yielded CC values equal to or greater than 
the criterion. All of these pairs were quadrats at the same 
depth, and four of the six were at 40 m. This indicates a 
high degree of similarity in species composition in communities 
at this depth. In comparison, 29 pairs (24%) yielded D values 
equal to or less than 0.250, the D criterion. Six of the 29 
pairs (21%) were quadrats at the same depth; 12 pairs (41%) 
were quadrats at adjacent depths and the remaining 11 pairs 
(38%) were not adjacent quadrats. In contrast to the CC index, 
three of the six pairs of quadrats showing high similarity at 
the same depth were at 20 m; only one pair was at 40 m, 


Most of the pairs of quadrats with low D values were 
not at the same depth. This is evidence against the supposi- 


tion that the presence and relative abundance of species is 
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determined mainly by depth or some factor(s) associated with 
depth, About 15 resident species (25% of the total) were re-= 
corded at all depths and perhaps ten of these were found in 
every quadrat. Most of these species were gobiids. Goldman 
and Talbot (1976) found that only 7% of their total of 395 
species were reef cosmopolitan (found in all habitats), while 
11% were restricted to depths greater than 25 m, suggesting 
a true deeper reef fauna. In the present study, four resident 
species were normally found only at 30 or 40 m and may be con- 
sidered deep reef species. However, as Colin (1974) has 
pointed out, some species have different bathymetric ranges 
in different localities. Differences in the depth range 
of several species were noted between Curacao and Bonaire e.g. 
both Gramma loreto and Liopropoma rubre were common at 10 m 
in Bonaire but were never recorded in the Curacao quadrats 
at that depth. These differences are probably attributable 
to local environmental variation, mainly in the substrate. 

An examination of the index values down each transect 
(Table 5 ) shows that there is a clear trend for the CC index 
to decrease with increasing depth along all four transects. 
This relationship may be depicted as a graph of index values 
against depth (Fig. 5 ), where each of the deeper communities 
is compared to the 10 m community. The greatest change in CC 
occurs between 10 and 20 m. The communities at the greater 
depths show little change with respect to 10 m, The D values 
show a Similar trend between 10 and 20 m, but the deeper 


communities are far more variable (Fig. 5 ), The large nun- 


are 


ern 


ape treme intet opine i Able a7 ” dyigeles.* 
at hawt) eone nil: He en es <a 
mate wre "or ero r: eid x 


me de déter flat bp 
ieee 


whi de & Viet ab naps) a 
ae ee 
panadudt ro! DID Ss uvrthl ena “a fake 
=Atete 1S : ae a * oe sae Enis l ea seaiailes 
nd qh mawetell: om ah 
S073 20 wre ie boise ihe 


iP i jbai me fh, 190'"8, ryoee aot 


pa lee Ou anak ard atten 

iM piper covets on ae 

| hgh PEL bees ele bane 

‘ i ets bt wets O94 «winrSal vad oe’ 

> AW mall ete ater “40 Leia oe wee | 
sti Laie ppalae Pete rel” P. nals any: adi 
vain i> 38! @ rosy ameke are nny pau eget 2 a 
Jeanna? sus Lin gnede aes ips cerrotare @ 
einirtiee et) gt, 6 oh Bi@G bahs- et ea 
we la dieerc: ee Me lo | 
went costehty af 


"an Sem ll 


36 


‘AZ TUNWWOS W OT eATZOSedSea s4T 
0} pezeduod st yoesuezy, yoee SuoTe yeapenb yoee ut Ayqtunwwos eug °(q) 
SOUEISTP UBSPTTON| puke (90) AYTunwwoo fo 4YUuSEeTOTZfe00 94 - SadTpUT omy 


Aq SZoesuezy Suolte uotatsoduoo AyTunwwoo JUuepTsez Jo uosTtueduog - § ‘DIg 


(WU) HL dIG 
OV 1OSn ne OC m0) SkOV Ue OCU MO CRmOL 


: Nt) ee 730) 
6 atodasst MACLe salt irae std shinoeso> srehiget *6 watisieee = £ 
eoneleit neuaktac’ pee (50) whtnedmen: 6 ensigits$eo aog =. & 


cb hedinees Gf s5achew ddss aicic tetera? Nope me crhemtee oS 


bers of Coryphopterus personatus in some quadrats (high Py 
value) have a marked effect on the value of D and are par- 
tially responsible for some of the variability. 

Ttieiseinversstinoeeto note «thats transects leand: 1... 
which were located close together on the reef slope, have 
very similar CC curves and the D values are almost identical 
except for 30 m. The D curve of the Bonaire transect is dis- 
tinctly different from the others, indicating greater homo- 
geneity in community composition along thetranseet. This 
finding is supported by the lower beta diversity of the Bon- 
aire transect (Table 4 ). 

If adjacent pairs of quadrats along each transect are 
compared (Fig. 6 ), a similar trend is observed along all 
transects. There is a general tendency for an increase in 
Similarity with an increase in depth i.e. the deeper quadrats 
are more Similar to each other than the shallower ones. 

An analysis of the species composition of the quadrats 
at the beginning of the study (after the first four censuses), 
as compared with that at the end of the study, revealed some 
minor differences. I attribute these largely to chance pro- 
cesses. The small changes in the substrates of the quadrats 
were probably not significant in affecting species composition, 
although larger changes over a longer period probably would de 
(e.g. Smith and Tyler 1975). A detailed examination revealed 
that there were ences where there was evidence of 
the "extinction" of a species in a quadrat. These were resi- 


dent species which could normally be found at that depth. I 
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discounted species which were present only as recruits or 
juveniles and subsequently disappeared. Such occurrences in- 
dicate that recruits may have settled in an unsuitable area 
or that juveniles may have changed habitat as they grew to a 
larger size. With these restrictions,only three cases of 
possible "extinction" could be found (Table 6 ). Acanthemble- 
maria spinosa has a very limited home range and, as a lone in- 
dividual, would be unsuccessful in reproducing if it remained 
in the quadrat. It may simply have left its hole and been 
eaten by a predator. An explanation of the disappearance of 
the two other species is more difficult. Apogon phenax was 
usually represented by one or two individuals; they may have 
moved to shelter holes outside the quadrat. The disappearance 
of Gramma loreto after almost one year of continuous residence 
is perplexing. The maximum number (up to seven) and the 
occurrence of all three size classes during this period indi- 
cates the suitability of the habitat; as such, I have no ex- 
planation for their disappearance. 

Each species in the study was assigned to a broad 
trophic category following the outline of Randall (1967). 
The categories are somewhat arbitrary as most species feed 
opportunistically and ingest a wide variety of material. The 
feeding habits of three species, for which no information was 
available, were determined by gut contents analysis. Table 7 
summarizes the trophic composition of the resident community 


of each quadrat, 
The species were also classified according to princi-~ 


pal activity period and to one of the three home range cate- 
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TABLE 6 - Possible “extinctions” of three species during an 
18 month period (36 censuses). Only mature Acanthemblemaria 
spinosa and Apogon phenax were present. All three size 


classes of Gramma loreto were represented. 


Max. no.f Censuses Censuses 


Quadrat Species census. present absent 
I-10 Acanthemblemaria 1 5/5 30/30 
spinosa 
TII-40 <Apogen phenax 3 10/15 17/17, 


Gramma loreto Y 24/24 ey Ale 


2 


« Lg 
ve | ; aes @ 2 


AY 


@IOATOSTG suo sepnp[out 


queptser 


Clee 2 Meee ee ote ace Wz. Foz me 6P BGT og Boz = on) Blt Bcc Moree eee 


C't Ont Bete 2 €°9 €°9 Tmo LOLs Sette oS COL Gob O-OT Cag a biel. 6 S°OT 


15 T % Z T Z ¢ € T td € z T c Z Zz uUMOUyU 
0 0°+ Zane rg 9) 0 9°€ B°e 0 0 g’€ O°S 0 0 0 €°s 

0 T Zg 0) 0 i T fe) 0 T T 9) @) 0 ii SI9UBITO 
mec rme Ome eG O79 60 05S" 9 9S = O¢05me0 OS §S89C 6°26 (6275 0°05 Fo-pewet OC mms 7y Gi0t 81°27 

OT eT Te t 6 a HT OT Le Ey Ct 9 6 8 6 @ Se@ATO0ATIYUSTA 
SeicmmOmCtM@m—C LG NCR TCMEO lic “CidZm vole Of0Cae Tt ic 6 °Sim@ 2°61 50°0Gm GGT a6 comEO a camo acd 

8 g 6 wd q 9 9 3 4 € 5 9 € 4 Z € SOLOATUIED 
Ce treme Ouetyae tee Came Ck 0 €°9 «6G 't te PUR TIES, €°sS Line O°ST €°9 6°S L269 04 

7 T Z Zz ip T eG eC ‘: T Z C T ii Zz 2 SPLOATUUO 
Of OT, 029 Tome tao €°9 Tac isaA Cc geo OL GO Tm Che 0 Ole scum ow | ele Demme og 

¢ re Yd € t Z Z Z z z z Zz Zz Zz € SSTOATQIZIY 


wor woe wor wor woY woe wor WoT wor woe woz wor woH woe woz wot 
— a a a uoTZTSOdwod 


AI Tet Pe I otudozy 
a ne A Oe a eae oe ee Se ee 


*MOTEQ UsATS ST AyTunumoc eyy Jo aeFej,usozed sqzt pue pestIt 


St Azose17ev0 yoee uT seToeds Jo aequnu sug ‘seuteucg 12 (AI) 2Oesuez3 suo pue oedeing 4% (III ‘II ‘I) 


SZOMSueAL 90744 SuoTe (woh ‘woe ‘woz ‘wOT) sujzdep anos 48 seTatunuwoo usTy FO uoTZTSodwoo oTydoay - Z AIEVE 


, om sad ae oe tet arte wn Sci me i Wm ni —— 
| eras sere “ceakgash oe") reenter EY = ate 
ee a Sa Ts eases, B23 ; > ath 


$it | mt 2, 3 yas ee £92" 2.2 e209 ~ sar 
—) he s 
Pyare 4 Seng ts UH A OE Eo cha a! 2 
oa ote iss 42 Esa ae oe A 8 en 
: en ” ~ 7 7 Rc & ry ¢ e" 
Se.” nt ane ar Liye ATER 1S er; 6 eee 508 tate: 5et 


oe 220 5 ? ba - ad 


: 7 o ra S ee rc a : De 4 , Ga es ; ? : 7 4?” i oe ¢ Reid f (Ss, iy oe 1a 


gories defined earlier, namely rc, rp and rt, The 

activity period was determined from the diurnal and nocturnal 
observations as well as from the literature (Starck and Davis 
1966; Hobson 1972; Collette and Talbot 1972). The home range 
classification was based solely on the results of this study 
but the estimates for most species are in general agreement 
with those of Smith and Tyler (1972). Using the above class- 
ification, it was possible to characterize the community of 
each quadrat and to make comparisons of these three facets of 
community structure. 

Comparisons were made, both between the four transects 
and between the four depths, to detect differences in the 
communities. An analysis of variance of the number of species 
per quadrat, testing each trophic category separately, showed 
one significant difference between the transects (carnivores, 
F = 5,54, p<0.05). A similar analysis using the transformed 
(arc sin) percentage data, also yielded one sixnificant diff- 
erence Unerbivorese ss = 3.70, p~ 0-05).— In addition, © tected 
(analysis of variance) for differences between the four depths 
in each category. No significant differences were found with 
number of species, but the percentage data for omnivores wags 
Sianieleanul yd wi teren tnt he 5507 ly oP e010 50h, 

The data for the principal activity period and the 
home range designation (Table 8 ) were analyzed in the same 
manner as the trophic data. No significant differences were 


found in activity period between the transects. Only one 


category yielded a significant difference when the home ranges 
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were compared; both number of species in rt (F = 7.35, p< 0.01) 


and percentage (F = 9.87, p<0.01) were highly significant. 

The analysis of activity periods and home ranges 
comparing depths yielded no significant differences in the 
percentages, but two differences in the number of species. 
The diurnal category was significant (F = 4.21, p< 0.05) as 
was rp (F = 4,35, p<0.05). 


The same analysis was made with only the three tran-~ 


sects in Curacao. There was one significant difference between 


transects - in the percentage trophic category (herbivores, 


F = 6.66, p<0.05). No significant differences were found in 


the number of species or the percentages in either the activity 


period or the home range categories. This indicates that all 
of the Curacao transects were very similar in their community 
organization, 

Several sigrificant differences were however, recorded 
in the comparisons between depths. The most significant of 
these were the percentage of planktivores (F = 8.72, p< 0.01) 
Sndmiioeruecatesory = (he= 7./79,8p— O10le 
Discussion 

The transects in this study may be viewed as environ- 
mental gradients, and the fishes along them constitute a 
community gradient or coenocline (Whittaker 1972). Only a 
few studies have discussed the distribution of reef fish 


species with depth (Gosline 1965; Barnes et al. 1971), but 


not from a community viewpoint. A considerable amount of work 


has been done on the avifauna of altitudinal gradients both 
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at tropical (Diamond 1973; Terborgh and Weske 1975) and tem- 
perate (Able and Noon 1976) latitudes. Terborgh (1971) pro- 
posed three models to explain the distribution of the avi- 
fauna on an altitudinal gradient. The depth gradient provides 
a similar analogy. Unfortunately, owing to the small number 
of sample points (4) and the discontinuous nature of the sam- 
pling (fixed depths), it was not possible to compare species 
abundance curves with the theoretical ones suggested by Ter= 
borgh. However, the diversity patterns down each transect 
could be examined. 

The No curves in Curacao were similar and all four 
curves showed a decrease with depth from 20 to 40 m (Fig. 4). 
The diversity numbers Ny and Ne had very similar patterns 
along each transect (as expected from their high correlation 
(Table 3 )), but there was considerable variability in the 
patterns between transects (Fig. 4). The species richness 
patterns along the transects are the result of several inter- 
acting factors - changes in substrate, depth range differences 
in species, and possibly some environmental factor(s) assoc~ 
jiated with depth. Able and Noon (1976) found that all three 
of Hill's diversity numbers decreased up the altitudinal 
gradients they censused. Terborgh (1971) and Diamond (1973) 
both found a general decrease in bird species richness with 
altitude. Competition and changes in vegetation structure 
seem to be the most important factors determining the distri- 
bution of bird species along an altitudinal gradient. 

The species composition of quadrats and the changes 


along the transects were investigated in some detail. There 
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are at least three factors which will influence the species 
composition at any given site. The first is the location of 
the quadrat on the gradient. The site will fall within the 
depth ranges of some species and not others. At present, 
little is known about the interaction of factors influencing 
the depth distribution of most species (Gosline 1965). In 
addition, the depth range of some reef fishes varies with lo- 
cality (Colin 1974). Secondly, the nature of the substrate 
will be of considerable importance as some species have marked 
substrate and habitat preferences. Goldman and Talbot (1976) 
have shown that the fish assemblages found in ecologically 
different regions of the reef show large differences in both 
composition and biomass. Almost half of the species (49%) 
were restricted to one habitat. The third factor is chance 
recruitment and mortality. Sale and Dybdahl (tov \imnave 
suggested that the species composition of small areas of reef 
is best understood in terms of these two phenomena, 

The similarity in species composition (CC) of quadrats 
at the same depth may be explained in at least two ways. The 
hypothesis may be entertained that most reef fish species are 
microhabitat specialists; then those quadrats with similar SR 
values and substrate composition at the same depth would 
probably have similar species composition. The data generally 
do not support this hypothesis. High CC values were prevalent 
at 40 m but not at the shallower depths with similar SR values. 
In addition, comparisons of the species composition of quadrats 


with different SR values at different depths produced a number 
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of low D-values (high similarity). There was no systematic 
tendency for quadrats with similar SR values to have similar 
species composition, although this occasionally occurred in 
quadrats at the same depth. Such findings suggest that most 
reef fishes are probably not microhabitat specialists. Another 
explanation of high CC values is that the size of the quadrat 
(9 nm) is sufficiently large that chance recruitment alone 
may provide a considerable proportion of the species normally 
found at that depth (P.F. Sale, personal communication) thus 
leading to high similarity values. A possible explanation 
of high similarity in D values is more difficult as the pro- 
portional abundances of the component species must also be 
Similar, and many factors interact to influence abundance. 

The lack of significant differences (analysis of var- 
jance) in most aspects of community structure in Curagao, in- 
dicate a strong similarity in the fish communities. Some 
differences with Bonaire were evident but the communities 
were basically the same at both islands. 

Comparisons of the trophic structure of these communi- 
ties with those of other studies is of limited value because 
I chose to concentrate on a specific segment (resident) of 
all of the species present. In addition, most trophic analy- 
ses have been made using biomass rather than numbers. I have 
no estimates of the biomass of any of the species in the study 
as I did not collect them. Carnivores are usually more diverse 
than herbivores on the meer and constitute a relatively large 


proportion of the biomass of a reef fish community. Randall 
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(1963) found that carnivores comprised almost 60% of the bio- 
mass on natural reefs in the Virgin Islands; the figure for 
an artificial reef in the same area was much higher (89%). 
Talbot (1965) showed that carnivores made up a similar percen- 
tage of his samples on the reefs off East Africa and that 
herbivores represented only 19% of the biomass. Talbot and 
Goldman (1972) reported that planktivores constituted over 
40% of the biomass of fishes on the seaward slopes of a pseudo- 
atoll on the Great Barrier Reef, but were much less signifi- 
Cant inethesiarcoon,. 

The percent composition (by number) of the comnunities 
in this study shows that herbivores and omnivores together 
comprise 12-26% and carnivores 16-35%. The numerically domi- 
nant group in all quadrats comprises the planktivores, which 
make up 30-50% of the community (Table 7 ). Plankton repre- 
sents a net import of energy to the reef (Emery 1968), and 
many species can crop this food source from the current with- 
out having to move over the reef to forage. Reef plankton 
may be an important food source for species hovering close 
to shelter. Thus,the preponderance of planktivores in the 
communities is not surprising considering the concentration 
on species with small home ranges. Davis and Birdsong (1973) 
have discussed some of the adaptations which have evolved in 
species which feed in the water column, 

Diurnal species form by far the largest percentage of 
the communities (62-88%); nocturnal species comprise 6-35% 


(Table 8 ). ‘The species which are active during both periods 
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are more difficult to distinguish and constitute a small pro- 
portion of the communities. Smith and Tyler (1972) found that 
63% of their resident community was diurnally active and 37% 
was nocturnal; however, 13 resident species were classified 
as unknown. There is reasonable agreement between these two 
sets of figures considering the restricted nature of the comm- 
Une Cosme] eth ses tudy. 

The reef zonation in Curacao differs from that in most 
areas of the Caribbean (Glynn 1973). There is rarely any back 
reef area with associated Thalassia beds and, as a consequence, 
this important nocturnal foraging ground is absent. This is 
the most probable reason for the absence of large numbers of 
nocturnally active grunts (Pomadasyidae) and snappers (Lut- 
janidae). The species in these two families would have a 
strong influence on the percentage composition of communities 
in other areas of the Caribbean. 

The division of species into conspicuous and cryptic 
in the “r" category is somewhat artificial but illustrates the 
point that a significant proportion of the community may, by 
its behaviour or colouration, be difficult to detect (Table 8), 
Reef fishes have evolved numerous means of avoiding detection, 
either as predators or as prey (Ehrlich 1975). These adapta- 
tions become apparent when visual censuses are conducted. The 
r+ category usually makes up less than 30% of the community 
(Table 8), as would be expected from the concentration on 


species with limited home ranges. 
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Nocturnal communities 


The nocturnal habits of coral reef fishes have been 
documented in several studies (Hobson 1965, 1968; Starck and 
Davis 1966). The diurnal-nocturnal changeover patterns in 
reef fish communities have been described in some detail by 
Collette and Talbot (1972). All of these observations con- 
firm that there are dramatic changes in the appearance and 
species composition of nocturnal fish communities. In general, 
the reef has a drab appearance at night as the colourful, 
diurnal species are replaced by the primarily reddish or sil- 
ver nocturnal species. 

There is apparent a replacement of one group of species 
by another. During the day, aggregations of planktivores 
feed at various heights above the reef; Chromis cyaneus and 
C. multilineatus pick individual plankters two to four meters 
above the substrate, while large aggregations of Coryphopterus 
personatus hover within 50 cm of shelter taking reef plankton 
(Davis and Birdsong 1973). Groups of Clepticus parrai move 
along the reef face, well above the substrate, feeding on 
planktonic organisms. On the deeper reef, Chromis insolatus 
and C. scotti pick plankters from the water column. AS 
night approaches, these aggregations break up and the indivi- 
duals seek shelter in crevices in the reef. All of these 
species can be found at night, mainly under ledges, but 
individuals of Coryphovterus personatus are very difficult to 
detect despite their abundance. 


After dark, the species of two families, the Apogonidae 
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and the Holocentridae, leave their shelter sites and replace 
the diurnal planktivores, Phaeoptyx conklini moves up high 
in the water column (2-3m) to feed on plankton while Apogon 
townsendi appears to feed somewhat lower (im). The remaining 
species of apogonids stay within about 25 cm of the substrate. 
Myripristis jacobus often joins P. conklini in the water col- 
umn as does the priacanthid, Priacanthus cruentatus. Two other 
species of holocentrid, Holocentrus marianus and Plectrypons 
retrospinis remain closer to the substrate (within 25-40 cm). 
They feed on crustaceans, mainly crabs and shrimps (Randall 
1967). The latter species is often seen under a ledge or at 
a cave entrance, very close to its diurnal shelter site. 

One of the most striking features of the nocturnal 
communities was the abundance of non-resident planktivores 
Sheltering in crevices in the quadrats. Two species were 
particularly common, Chromis multilineatus and Clepticus 
parrai. A third species, Paranthias furcifer was recorded 
mainly along transect III, but was nowhere abundant. Chromis 
multilineatus was abundant during the day at the shallower 
depths, particularly along the drop-off (10m), but its num- 
bers decreased rapidly with depth. It was infrequently seen 
below 30 m, The nocturnal pattern was similar, It was most 
numerous at 10 m and its abundance showed a steady decrease 
with depth (Fig. 7). None were recorded at 40 m, The small 
number at I-10 (Fig. 7) was undoubtedly due to the lack of 
suitable shelter sites. 


No Clepticus parrai were observed at night at 10 n, 


— 


but they were recorded from the three greater depths. Starck 
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and Davis (1966) found this species sheltering in crevices at 
night only on the deeper reef (28 m). The number of C. parrai 
in any aquadrat is generally small. This is probably due to 
its size, as it is a larger species than Chromis multilineatus 
and requires much larger ledges or holes in which to shelter. 
Its abundance in any quadrat is, therefore, partially the re- 
sult of the number of appropriate shelter sites. 

The Gata from transects I and II (Fie. 7) suggest that 
there might be some depth segregation between the two species, 
but transect III shows considerably higher numbers of Clepti- 
cus parrai at the shallower depths (20 m)., The pattern is 
thus probably the result of local abundance and the normal 
depth preferences of the two species, not active segregation. 
In addition, C. parrai was far more abundant during the day at 


transect III than at the two other transects. 


The nocturnal abundance of the apogonids was considerably 


higher than that observed during the day (Table 9). It was 
difficult to obtain reasonable nocturnal estimates of abundance 
for some species because they were high in the water column 
e.g. Phaeoptvx conklini; thus, only the species remaining with- 
in about 1 m of the substrate were considered. Apogon lJachneri 
was the most abundant species on all three transects and was 
recorded in every quadrat but one (I-10). It was observed in 
only five quadrats on a regular basis during the day. This is 


probably because of its preference for deep holes and caves in 


the reef where it is not easily detected; thus the lower diurnal 


values (Table 9). Phaeoptyx conklini has a similar microhabitat 


preference. Livingston (1971) found both of these species 
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deeper in holes or caves than other apogonids and determined 
that Apogon lachneri often did not leave its cave at night to 
feed. Collette and Talbot (1972) reported A. lachneri feeding 
close to the substrate and within a few meters of its daytime 
cave. My observations are in general agreement with these 
authors, Another species, Anogon phenax, not reported by these 
authors, was found to remain very close (15 cm) to the substrate 
and within about 50 cm of its diurnal shelter cave. Several 


Sites known to be diurnally occupied by A. phenax were specifi- 


cally examined at night, and they invariably had an individual 
close to the site or at the cave entrance, 

Another species frequently seen foraging near the sub-~ 
Strate was the grammistid, Rypticus subbifrenatus. It was 
usually found close to the site where it was observed diurnally. 
Starck and Davis (1966) also reported this species to be active 
Sterno, | 

Maps of each auadrat were carried during the censuses 
so that it was possible to mark the location of many species 
during subseauent observations, A number of shelter sites were 


consistently used by the same species, presumably the same indi- 


viduals, over a period spanning four to five months. 
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NUMERICAL ASPECTS OF COMMUNITIES 
Recruitment patterns 

Recruitment is a process of considerable ecological 
Significance, but little work has been done in the coral reef 
biotope to elucidate this process. As Smith and Tyler (1975) 
have pointed out, there is a “generally recognized seasonal 
Superabundance of recruits" on the reef, but the patterns of 
abundance have not been documented. As part of this study, 
I have investigated the abundance and periodicity of post- 
larval recruits along the three transects in Curacao. Little 
is known about the early life history of most tropical reef 
fishes; therefore, the recruit size limits which I have defined 
(fable 10), are somewhat arbitrary. They do, however, provide 
a useful working base for monitoring recruitment in the field. 

In order to demonstrate seasonality, a minimum of two 
annual cycles is required. Although some recruitment data 
are available from January 1974 onward, recruit counts are 
available for all 12 quadrats only from May 1974 to June 1975. 
Since these data span only 14 months, it is not possible to 
comment adequately on seasonality. However, the data show 
that recruitment does occur throughout the year in a number 
of species and that there are definite peaks in numerical 
abundance which suggest a seasonal pattern. 

In some species, no recruits were ever observed and 
in others, the numbers were too meager to determine any 
trends. If a total of less than 20 recruits was recorded 


for a species, it was excluded from the analysis. Adequate 
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TABLE 10 - Designated size limit of recruits 
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Size limit 


Family Species (Total length 
in mm) 
Serranidae Petrometopon cruentatum < 70 
Grammidae Gramma loreto < 20 
Apogonidae Apogon lachneri <—20 
A. townsend < 20 
Phaeoptyx conklini —<920 
Sciaenidae Eguetus sp. (punctatus ?) < 20 
Pomacentridae Chromis cyaneus <a 
C. insolatus S25 
Eupomacentrus partitus <ac0 
EoD Lani ons ee 
Gobiidae Coryphopterus glaucofraenum <#1,5 
C. lipernes < 10 
C. personatus <51.0 
Gnatholenis thompsoni lie 
Gobiosoma evelynae ee OS 
Canthizasteridae Canthigaster rostrata <a) 
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recruitment data were available for 16 resident species from 
seven families. As the number of recruits of a species in 
any given quadrat is generally small, it is difficult to de- 
tect trends; therefore, I have combined the data from all 12 
quadrats. The figure for each species thus illustrates the 
overall pattern of recruit occurrence and abundance along a 
section of fringing reef. There is considerable variation in 
the relative abundance of recruits between quadrats and be- 
tween depths (Table 11), but, in general, the recruitment 
peaks in a species are similar in the time of occurrence at 
different depths. Some of the factors which may influence 
distribution and abundance of recruits are substrate variabi- 
lity, patchiness in the plankton and competitive displacement. 
At present, it is not possible to define the parameters which 
determine recruitment success at any given location on the 
reef, 

One factor which will have affected the recruit abun- 
dance pattern is the inclusion of the same individuals in 
more than one census. This is likely to have occurred as [I 
chose to concentrate on the non-labile species. As none of 
the fishes were marked, it is not possible to estimate the 
extent to which this facet of the technique has influenced the 
observed pattern. I assume that considerable numbers of re- 
cruits are lost to predation and that the survivors rapidly 
grow into the next size category. Growth rates of 0.3 to 


0.8 mm per day have been recorded in several subtropical 


species (Houde 1974). Allen (1975) lists growth rates in the 
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juveniles of several pomacentrid species of up to 13 mm per 
month. It is probable, therefore, that most of the species 
in this study would grow out of the recruit size category in 
the period spanned by one or two censuses. 

Ideally, many annual cycles are needed to determine the 
consistency of a pattern and the degree of variability, but 
some trends can nonetheless be detected in the data. Unfor- 
tunately, no quantitative recruitment data are available for 
most species during the spring peak (March-April of 1974. 

The field observations and some data indicate that there was 
a recruitment period in most of the species at this time, but 
it appears to have been of smaller magnitude than that of 
ADEPT INL 7 55 

The recruitment data from Bonaire are not included in 
the figures as the numbers are based on only one transect 
censused at three to four month intervals and are therefore 
not strictly comparable with Curacao. However, the pattern 
of occurrence observed in Bonaire is mentioned whenever suff- 
icient data are available for a species. 

Serranidae 

Despite the large number of species within this impor-~ 
tant family, data are available for only one species. 

Petrometopon cruentatum a common, small grouper on 
Curacao reefs, had recruits present at all depths, although 
the numbers were highly variable (Table 11). No pattern is 
apparent except that recruits appear to be more common in the 


winter and spring (Fig. 8a). Munro et al. (1973) reported 
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ripe fishes from Jamaica in the period from February to June 
with a maximum in March. I have designated the recruit size 
limit as 70 mm total length (TL), which is much larger than 
that given for the other species. This figure was chosen as 
individuals less than about 30 mm TL have never been observed 
in the field. Thompson and Munro (1974) state that groupers 
smaller than 50 mm TL were never observed in the field by 
their group in Jamaica. Individuals up to 70 mm may be as 
much as one year old. 

The smallest individuals observed were always found 
hiding under ledges and were usually very difficult to detect. 
I monitored the presence of one individual (about 50 mm TL) 
under the eroded base of a colony of the coral Montastrea 
annularis for a period of four weeks. The site was checked 
during the biweekly census of the quadrat. An individual, 
presumably the same one, was found in precisely the same posi- 
tion for three consecutive censuses. Predatory behaviour was 
observed on several occasions. The individual attempted to 
capture recruit-sized sand-dwelling gobies (e.g. Gnatholepis 
thompsoni and Coryphopterus glaucofraenum) by lunging at them 
from under the ledge when they approached within 15 to 20 
cm. On at least one occasion,it was successful and appeared 
to swallow its prey whole. It returned to its position under 
the ledge immediately after capturing the prey. 

Grammidae 
The members of this family are small, often brightly 


coloured fishes which remain close to cover and dive into 
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small shelter holes when disturbed. 

Gramma loreto is a planktivore which is commonly 
found in caves and under ledges. Recruits were present 
throughout most of the year. No individuals were observed 
in the 10 m quadrats, probably because the substrates were 
unsuitable; however, considerable numbers were present in 
the 10 m quadrat in Bonaire. The period of greatest abun- 
dance was September with evidence of another peak in May 
(Fig. 8b). Few recruits were present from November to 
April. The pattern of abundance in Bonaire was similar to 
that observed in Curacao. 

Apogonidae 

The apogonids are nocturnally active fishes which 
shelter by day in crevices and caves in the reef. Due to 
their secretive habits, it is not possible to obtain an 
accurate estimate of their abundance by visual censusing 
alone. As previously mentioned, poisoning was precluded; 
therefore, it must be assumed that apogonids were present in 
greater abundance than were detected and that recruits were 
probably present at times of the year when none were recorded. 
Nonetheless, it is significant that the three species for 
which data are available all provide evidence for a bimodal 
recruitment pattern. 

Apogon townsendi had recruits at all depths except 
4O m (Table 11). There is a marked bimodal pattern with 
a spring peak in April-May and an autumn peak in September 


(Fig. 9c). Few individuals were observed in the intervening 
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period, 

Phaeoptyx conklini had considerably fewer recruits, 
but peaks are evident in September and May (Fig. 9b). No 
recruits were observed from November to April. Charney 
(1976) found the greatest abundance of recruit-sized indivi- 
duals (< 21 mm standard length (SL)), in poison samples from 
the Bahamas, in March and April of several years. Samples 
for all months were not available, 


The numbers of Apogon lachneri are small, but again 


there is a suggestion of a bimodal pattern (Fig. 9a). No 
recruits were recorded at 10 m in Curacao but some were pre- 
sent at this depth in Bonaire in September. 

Powles (1975) found two peaks in the abundance of lar- 
val apogonids around Barbados, one in March-April, and the 
other in September-October. Recruit+sized individuals of 
four common apogonid species have been found throughout the 
year in extensive poison collections from the Bahamas, indi- 
cating the possibility of year-round reproduction (George 
Dale, personal communication). 
sciaenidae 

Only four species in this family are commonly assoc- 
jated with coral reefs in the Caribbean (Randall 1968). Of 
these, three are species in the genus Equetus. The recruits 
of the spotted drum, E. punctatus, and the cubbyu, E. acumin- 
atus, are difficult to distinguish in the field at sizes less 
than 20 mm TL, As E. acuminatus was only rarely seen in the 


study area and E. punctatus was a fairly common species, I 
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have assumed that most of the recruits were from the latter 
species. 

The recruits of E. punctatus were recorded from all 
depths but were more common in the shallower quadrats (Table 
11). Although the sample size is small, there is a clear 
peak in February-March (Fig. 8c). Munro et al. (1973) founda 
ripe fishes in April, July and September and Erdman (1956) re- 
ported ripe fishes in August. 

Powles (1975) has presented evidence which suggests 


that the larvae of some Equetus species may be epibenthic. 


He found a larval E. acuminatus, only 6.6 mm SL which had a 
strong substrate-oriented response when displaced. It still 
had not completely metamorphosed to the juvenile form. Very 
small (<15 mm TL) Eqguetus spp. have been observed actively 
maintaining station close to the substrate; they remained in 
the same location for several weeks. 
Pomacentridae 
Pomacentrids comprised a substantial proportion of 
the communities and were particularly abundant in the shallower 
quadrats. Recruitment data are available for four species. 
Eupomacentrus partitus provides the most convincing 
evidence of year round recruitment in the pomacentrids. Re- 
cruits were present throughout the year at 10 m and for most 
of the time at 20 m. Few recruits occurred at the greater 
depths (Table 11). There is a marked bimodal recruitment 
pattern with peaks occurring in September and April (Fig. 104). 


The few recruits recorded at 30 and 40 m appeared at these 
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peak times. 

Recruits of EB. planifrons were only cbserved at the 
10 m quadrats and the majority were found in only one quad- 
rat (Table 11). There is a clear peak in September-October 
with fewindividuals present during the rest of the year (Fig. 
10c ). The spring period of March to May has few or no re- 
cruits. Thresher (1976) reported very little reproductive 
activity in the spring (April-May) in this species in the 
Florida Keys. 

The data for Chromis cyaneus do not provide evidence 
of the year round presence of recruits, although this may be 
an artifact of their patchy distribution (Table 11). "The 
largest numbers occur in the period from August to November, 
while other peaks occur in May and June (Fig. 10b). Most of 
the recruits were present at the shallower depths. The only 
period of abundance of recruits in Bonaire was May, 1975. 

The recruits of Chromis insolatus occur mainly at 
30 and 40 m (Table 11). They tend to form aggregations, and 
their distribution is patchy as is that of C. cyaneus. Peaks 
may be Giscerned in June and in the following April, with low 
numbers at other times (Fig. 10a). Recruits were present in 
about equal numbers in February and May in Bonaire. 

Powles (1975) found peaks in pomacentrid larvae in 
September-October in two consecutive years around Barbados. 
The period from January to June of one year was characterized 


by irregular but high catches with peaks in March and June. 
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Gobiidae 


The small size and often cryptic colouration of the 
numerous species in this family limit observations of recruit- 
ment to those species which, by substrate preference or behav- 
jour, may be readily counted. 

Coryphopterus lipernes is a particularly suitable 
species in which to follow recruitment. It is most often 
found resting on live coral (Colin 1973) and because of its 
striking colouration, even very small individuals (<10 mm TL) 
may be readily observed. Recruits were present throughout 
the year and were most abundant at 20 m (Table 11). Several 
peaks may be distinguished during the year and these recruit- 
ment peaks generally occurred in the same month at different 
depths. The largest peak was in March with others in May and 
June. There is also a broad period of abundance between Au- 
gust and November (Fig. tia). July and January-February 
appear to be periods of low recruit abundance. The numbers 
in Bonaire showed basically a similar pattern in corresponding 
months. 

Coryphopterus personatus is a common species which 
characteristically forms aggregations and hovers within 50 


cm of the substrate. Large aggregations composed of recruits 


and juveniles, but with few mature individuals, were frequently 


seen close to shelter. Few recruits were observed at LOmin? 
probably due to the lack of suitable outcrops for shelter. 
They were, however, abundant at this depth in Bonaire where 


the greater vertical relief provided adequate cover. Aggrega~ 


69 


abies ie spn ae. 
etaed> us Heuens] aen de id 


‘DEBPive vi taleGse : 
eis 07) iS EAL 0 crite me okay 

1 Tavhadd' aes 100 Blight aves oh balheee 5 

7h eo eee ee | | Cte Bo inteeies | 
an Apueckt? wees bee chard warevede Libis ot shit 
‘gt 3tt order) GE Bah Qualiets yore’ one Gh awe inthe 
ciel tee ave Meee BE lat; wake al Gam otgag, 

\HID te, focce ele BOUT Pan eeaere a hk hited axpey toge m 
nal) de ee etc 40) iw ty celth. or? hye! Vii/ie Serre eae areal 
x haat shreg eeneae Aie 
paral)! 2 Jalg BF lt .aetl secberlt ns. 29 
ciahe yet , a fadiide Epes Oe Bett ae 
seheeggr Ulan (4 cit i* Uhr eve Leap dy 


- 


_ 


Signet Pare 

Ob yl1e Ser yrtee 4 Sak D 

mig brett - 
eas avin 


70 


"STQeTTeAe e7e B4ep OU YOTYUM JOJ Spotaed eqyeotput 


SeTsuelay *SnyeuosTed *H (q) SeuaedtyT Snaoqdou AION (®) 


Setoseds pttqos omy fo suazeiyed oouepunqe 4tndoey - TT “x19 


SOL | yZ6L | 
WIVIWILITTIGINIOISI VI li liwiy 


tt 


tions were present throughout most of the year, but several 
peaks may be distinguished. There is a period of relatively 
high abundance from September to December and a spring peak 
in March (Fig. 11d). Another peak occurs in May-June. July- 
August and January-February are periods of low recruit abun- 
dance. The numbers observed in Bonaire corresponded closely 
with this pattern. 

Coryphopterus glaucofraenum is an abundant sand- 
dwelling species. Two closely-allied species (C. eidolon 
Bohlke and Robins and C. thrix Bchlke and Robins) are also 
frequently found on sand. A number of collections were made 
in sandy areas adjacent to the quadrats to determine the pre- 
sence and abundance of these other species. Seventy-five 
percent of the individuals collected were identified as C. 
gZlaucofraenum., The remainder were C. thrix. As it was not 
possible to distinguish recruits of these two species in the 
field, I have included all recruits under C. glaucofraenum 
assuming that the majority were from this species. In addi- 
tion, the recruit numbers were underestimated as individuals 
of such small size are difficult to count, and with their 
hyaline appearance, blend extremely well with the sandy sub- 
strate. 

Recruits were present the year round but there were 
marked differences in abundance. Peaks occur in September- 
October and April-May (Fig. 12c). There is a considerable 
difference in the numbers observed in June of the two consecu- 


tive years, As in the two preceding species, recruit abundance 


Pio si sw Agit * 
saps viiin: Ore ait 


ad ‘f Ryew “le . 


rt 
«a : @ 
i : + ! s 
p i 
| ie 
A J 4 1 egy 
g i i 
% £ ) 
| 1 
f 
' ; noe % 7 ok e 
® i a fa DA 
4 7 } Ai 
a 
fag 
5 . Pa “Wie. mr “ee 
’ eA) oP a 7 [ ' 
) ” bs 996 it _ 2 
ry ia wt, = —_ : 
a. : 
£ 7 + ‘ y aie . 
“if ne mip. bees Mi teers: Sus4 , Op temige On 
rsd) 4 ; - 
A% ae | var - i 
oS is 7 7 > 


one oredtd Ae Sl or ‘gene ees ye 
Pi * pe a eae sa: de oper aq nj wonreaesy 


— Cats Oh wont 


deme 


72 


“OTQeTTeae sae e1ep 


ou YOTUM TOF Spotded e,eoTpuT seTsuelay ‘Wnueeajoonels Snaoy 


-doydAiog (0) Tuosdwoyy STdeToureuy (q) SBUuATOAS SUOSOTGOD (2) 
Setoeds pTiqos eezyy Jo suzeqyyed souepunge 4TNA99y - ZT “OI 


GSZ6L vLOL 
(IWIVIWLALFIGINJOISIVIl[{f[iwyv 


al 


tae | 


Ob K 


ate) 


E 


is lowest in January-February. 

Another frequent inhabitant of sandy substrates, 
Gnatholepis thompsoni, is often found together with C. glauco- 
fraenum. Again, recruits were present throughout the year. 
Peaks in abundance are not as clearly defined as in other 
species; however, four peaks are apparent. They are in July, 
September, December and April (Fig. 12b). The numbers from 
January to March are comparatively low in relation to the 
rest of the year. 

One of the obligate cleaning gobies Gobiosoma evelvnae 
is frequently observed on live coral throughout the reef bio- 
tope. The bright yellow stripes on its black body contrast 
well with a coral background, It commonly shares space with 
Coryp_hopterus lipernes (Colin 1973) and I have often ob- 
served these two species together on the same coral head. 

Recruits were present during most of the year (Fig. 
12a), but with the small sample size, no peaks can be dis- 
cerned. Colin (1973) reported the occurrence of small juven- 
iles in March, April, June and July at several islands in the 
Caribbean. He further suggested that this species may spawn 
the year round. 

The larval catch rates of Powles (1975) indicate that 
the Gobiidae may have a different pattern of abundance rela- 
tive to most other inshore fish families. Larval peaks 
occurred in the spring and autumn as well as in December- 
January and in June. Low numbers were recorded in July-August. 


It is difficult to draw comparisons between the pattern of a 
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Single species and that of a speciose family such as the 
Gebiidae. However, it does seem apparent that some members 
of the Gobiidae have more than two peaks per annual cycle. 
Canthigasteridae 

The puffer, Canthigaster rostrata, is found in a wide 
variety of habitats, and is frequently observed in reef areas. 
Recruits remain very close to shelter and are normally found 
hovering under ledges or in depressions in the reef. Recruits 
were observed in all months of the year. Peaks may be detected 
in September, January-February and April (Fig. 8d). Recruits 
were only evident in Bonaire in May. 
Discussion 

Smith and Tyler (1972) suggested that recruitment into 
reef fish communities would be found to be intermittant 
throughout the year with seasonal cycles of abundance, when 
communities were studied over at least one annual cycle. The 
data presented here, which span 14 months, indicate that re- 
cruitment in most species does show seasonal cycles in abun- 
dance. They also show that there are marked differences in 
recruit abundance at three transects along a small section of 
the coast (Table 11) and at different depths. Many of these 
differences can probably be attributed to substrate variabi- 
lity, although many other factors undoubtedly play an impor- 
tant role, It will be necessary to learn much more about the 
larval ecology of reef fishes in order to understand the fac- 
tors affecting larval settlement and recruit distribution. 


Data on delayed transformation of pelagic larvae will be 
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essential in this regard, 

There is considerable variability in recruit abundance 
in several species (e.g. Coryphopterus personatus (Fig. 11b)) 
in the months of overlap of data, viz. May and June 1974 and 
1975. There is no obvious explanation for such large diff- 
erences, Allen (1975) states that periodic "blooms" may 
occur in some coral reef fishes in seasons when favourable 
environmental conditions enhance recruit survival. These 
differences may be the result of such a bloom. Powles (1975) 
found considerable differences in larval catch rates in the 
same months of two consecutive years in a number of reef fish 
families. 

In seven of the 16 species studied, there is clear 
evidence that recruits were present essentially throughout 
the year. These are the species with the largest sample 
Sizes (Table 11). The remaining species, for which far fewer 
numbers were recorded, had periods when no recruits were ob- 
served in the quadrats. I suggest that most, if not all, of 
these species will be found to have year round recruitment as 
well when the sample sizes are increased and other sampling 
techniques are used. Juveniles (the next largest size cate- 
gory) of most of these species were recorded in almost all 
months of the year, thus indicating that recruitment had 
occurred earlier. 

There appear to be two principal peaks in the recruit 
abundance pattern of most species , one in the spring (March- 


May and one in the autumn (September-November). Pearse (1974) 


has suggested on limited evidence that such a pattern might 

be observed in species near the equator. These peaks in re- 
cruitment are presumably owing to a large proportion of the 
population spawning at an earlier time. The year-round pre- 
sence of recruits further indicates that some spawning pro- 
bably occurs throughout the year in these species. This 
assumption may not be entirely valid as differential growth 
rates under various competitive and environmental regimes will 
distort the pattern. Reproductive periodicity in a species is 
best determined by the sampling of the population throughout 
the year and the examination of the reproductive condition of 
the gonads. 

Powles (1975) concluded on the basis of larval catch 
rates, that most of the inshore reef fish families around 
Barbados had two peaks in abundance in the ichthyoplankton, 
one in March-May and one in August-October, Assuming a larval 
period of three to four weeks for most species, there is good 
correspondence between Powles' findings and the data presented 
here, Moran and Sale (1977) have estimated the “pre-settling" 
period of a temperate pomacentrid species to be 4 -~ 6 weeks 
based on field data. 

Munro et al. (1973). determined that the majority of the 
species they studied in Jamaica spawned in the spring (Feb- 
ruary-April) when water temperatures were minimal, but there 
was evidence of See spawning in a number of families. 
Minimum water temperatures also occur in the spring in Curagao 
(Fig. 1). Russel et al. (1974) showed that recruitment to a 


series of artificial reefs on the Great Barrier Reef was 
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strongly influenced by the time of the year in which the reefs 
were established. There was heavy colonization by juveniles 
during the summer, but the numbers were significantly lower 
during the winter. They indicated that most of the species at 
their site had a reproductive period of about six months (during 
the summer) and that recruitment by newly-metamorphosed juveniles 
reached a peak in mid-summer. These data seem to indicate that 
there is only one main recruitment peak per year, but, as in the 


Caribbean, some recruits are present the year-round, 
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Temporal analysis of community parameters 

The community parameters Nos NCP, Ny and Eo 4 were 
analyzed to detect possible changes in community structure 
during the study. These four parameters include all of the 
Significant aspects of community structure: species rich- 
ness, number of individuals, diversity and evenness. The 
fluctuations of these parameters over 18 months may be examined 
to determine if there are any seasonal trends. 

A scattergram of each of these parameters against time 
(in weeks) was plotted for every quadrat in Curacao. NCP was 
the only parameter which consistently showed evidence of sea-~ 
sonality. The remaining three parameters showed either linear 
trends, or apparently random fluctuations. Initially, simple 
linear regressions were calculated for all parameters in each 
quadrat. These regressions provided a regression sum of 
squares (SS) (explained variation) and an F value for a linear 
fipatoutne data... LOstest for the sienifieance of deviations 
from linearity (seasonal or random changes), stepwise poly- 
nomial regression was used. I infer from Box and Jenkins 
(1970) that a minimum of 4-5 cycles is required for a time 
series analysis; therefore, this techniques was not used as 
18 months data were considered insufficient. 

A fourth degree (quartic) polynomial was chosen after 
an inspection of the scattergrams indicated that not more than 
14 cycles (3 inflections) were probably present for any pare- 


meter, The number of inflections in a polynomial regression 


is one less than the degree of the polynomial. The indepen~ 


dent variable WEEKS (the number of weeks from the beginning 
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of the study at each census date) was regressed against the 
community parameter for the quadrat at each census, starting 
with the linear term. Successively higher order terms of 
WEEKS (up to the fourth) were entered stepwise. In order to 
test whether the combination of the non-linear terms of the 
polynomial contributed significantly to an explanation of the 
variation in the data, the linear regression SS was subtracted 
from the polynomial regression SS and a new F value was cal-~ 
culated. If this F value was significant, the non-linear 
components were important in explaining variation. It was 
then concluded that the data showed substantial non-linear 
fluctuations which might be seasonal or random. An examina-~ 
tion of the scattergrams served to indicate which of these 
two possibilities was most probable. Two of the 12 quadrats 
were chosen as being representative of those in Curacao. The 
scattergrams of the four community parameters for these quad- 
rats are presented in the results for illustrative purposes. 
The regression analysis of Ny (Tables 12-14) revealed that 
in all quadrats the linear regression was highly significant. 
The polynomial was significant in most of the quadrats but 
the F values were generally much lower with only five values 
attaining the 0.01 significance level. This indicates a 
strong linear trend in species richness during the study with 
some seasonal or random fluctuations superimposed (Figs. 13 and 
14), An initial rapid increase in species richness occurred 


in most quadrats owing to the detection of new species with 


repeated visual sampling. The values generally levelled off 
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TABLE 12 = Analysis of Ny against time at transect I (Curagao) 
by quartic polynomial and linear regression (N=36). Poly- 


nomial entry is composed of the 3 non-linear terms. 


Source: of 
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TABLE 13 - Analysis of Ny against time at transect II (Cura- 


gao) by quartic polynomial and linear regression (N=36). 


Polynomial entry is composed 


of the 3 non-linear terms. 
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TABLE 14 - Analysis of Ng against time at transect III (Cura~ 


gao) by quartic polynomial and linear regression (N=36). 


Polynomial entry is composed 
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once most of the species present had been detected. This is 
a partial explanation of the positive slopes of the regressions 
with species richness. 

The scattergrams of NCP showed large fluctuations in the 
abundance of individuals, which appeared to be mainly seasonal. 
In every quadrat but one, the polynomial was highly signifi- 
cant (0.001 level)(Tables 15-17). The linear regression was also 
significant in a number of quadrats. As there was an obvious 
cyclical component in the data, another analysis was made. 

The NCP values were transformed to a sine function (y =a +b 
sin x) and a simple linear regression performed with WEEKS. 
None of these regressions was significant, probably owing to 
the period and amplitude restrictions of the unmodified sine 
function. The results of the polynomial regression analysis 
confirm what is evident from the scattergrams (Figs.15,16), 
that there is a marked seasonal change in the abundance of 
individuals. 

The close correspondence between the scattergrams of 
NCP and water temperature suggested that there was a relation- 
ship between the two variables. Correlation coefficients of 
NCP with water temperature (for the appropriate depth) pro- 
duced highly significant values in every quadrat (Table 18). 
Correlations of No with water temperature also produced many 
significant values, whereas Ny and Eo 4 were generally poorly 
correlated (Table 18). 

Diversity (Ny) showed few systematic fluctuations in 


most quadrats. In five of the quadrats, the linear regression 
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TABLE 15- Analysis of NCP against time at transect I (Curagcac) 


by quartic polynomial and linear regression (N=36). 
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nomial entry is the combination of the 3 non-linear terms. 
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TABLE 16- Analysis of NCP against time at transect II (Cura- 


¢ao) by quartic polynomial and linear regression (N=36). 


Q7 


Polynomial entry is the combination of the 3 non-linear terms. 
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TABLE 17- Analysis of NCP against time at transect III (Curag¢ao) 
by quartic polynomial and linear regression (N=36). Poly- 
nomial entry is the combination of the 3 non-linear terms. 
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source of 
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TABLE 18 - Correlation coefficients between four community 
parameters and water temperature at Curacao for the period 


January 1974 to June 1975 (N=36). 


Community parameters 
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was highly significant (0.01 level or higher); only two poly- 
nomial regressions attained this level (Tables 19-21). Over 
half of the F values for either linear or polynomial regres- 
sion were not significant. In those quadrats where most of 
the total variation was unexplained (no significant F values), 
fluctuations appeared to be essentially random, With the ex- 
ception of two quadrats, diversity showed little tendency to 
fluctuate seasonally. For the most part, temporal changes 
followed no discernible pattern (Fig. 17), although several 
quadrats had marked linear trends (Fig. 18). 

Evenness (Ey 4) was generally the most variable of the 
four parameters, with no consistent trend apparent. Four 
quadrats had no significant F values, whereas four others had 
highly significant linear regressions (Tables 22-24), In 
several of these quadrats, the regressions had negative 
slopes i.e. the trend was of declining evenness (Fig. 19). 

In addition, a few quadrats had significant polynomial re- 
gressions., Overall the fluctuations in most quadrats pro- 
vided no evidence of seasonality (Fig. 20). 

Discussion 

Coral reefs provide a reasonably predictable environ- 
ment in which seasonal changes are minimal, Smith and Tyler 
(1972) claim that there is no evidence for “large fluctuations 
in abundance of reef fishes throughout a yearly cycle", but 
few stuégies have monitored the fishes in an area for a suffi- 
ciently long period to test the validity of this statement. The 


temporal analysis of community parameters allows statements 
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TABLE 19 - Analysis of N, against time at transect I (Curagao) 


by quartic polynomial and linear regression (N=36). Poly~ 


nomial entry is composed 
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TABLE 20 - Analysis of Ny against time at transect II (Cura- 


cao) by ouartic polynomial and linear regression (N=36), 


Polynomial entry is composed 


Source of 


of the 3 non-linear terms. 
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TABLE 21 -— Analysis of Ny against time at transect T1W (Cura- 
cao) by quartic polynomial and linear regression (N=36). 


Polynomial entry is composed of the 3 non-linear terms. 


Source of 


Quadrat variation af SS MS F 
IITI-10 polynomial 3 24.93 aa ght 7H t 
terms 
linear 1 5.54 5.54 Shas 
deviations 31 33.14 1e 07, 
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about the constancy (Orians 1975)or natural fluctuations of 
various parameters over the period of the study. It does 

not provide data on theresilience or stability (Holling 1973) 
of the communities. These properties can only be assessed 

if the communities are perturbed in some way and their reco- 
very is monitored, As the communities in this study were 
purposefully left unperturbed, it is not possible to comment 
on their resilience or stability. Poisoning of reef areas 

has shown that fishes rapidly repopulate the vacated area. 
These areas show complete recovery from the effects of this 
perturbation within 4-9 months (Smith 1973). Sale and Dybdahl 
(1975) have shown similar recovery periods for the fishes re- 
moved from experimental coral habitats. Both of these studies 
suggest that reef fish communities are quite stable when sub- 
jected to this kind of perturbation. Different forms of per- 
turbation, biological or physical, might yield different re- 
sults. 

An assessment of unperturbed communities provides in- 
sight into the natural fluctuations of its various parameters. 
Individual parameters may be examined for evidence of seasonal 
or other systematic trends. No appeared to show little sea- 
sonal change. There was a strong linear trend in most of the 
quadrats with some random fluctuations. Many of these fluc- 
tuations were undoubtedly caused by visual sampling variabi- 
lity. Chance recruitment of species unsuited to the habitat, 
which subsequently departed or were removed by predators, may 


have also caused fluctuations. Immigration and emigration 
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TABLE 22 - Analysis of E, 4 against time at transect I (Cura- 
gao) by quartic polynomial and linear regression (N=36). 


Polynomial entry is composed of the 3 non-linear terms. 
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TABLE 23 - Analysis of Eo 1 against time at transect II (Cura- 
gao) by quartic polynomial and linear regression (N=36). 


Polynomial entry is composed of the 3 non-linear terms. 


source of 


Quadrat variation af oo MS F 
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TABLE 24 - Analysis of E, 4 against time at transect III (Cura- 


gao) by quartic polynomial and linear regression (N=36). 


Polynomial entry is composed 
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were unlikely to have been important, owing to the concen- 
tration on resident species. 

Both N, and Bo 4 were mainly random in their fluctua- 
tions, although significant linear trends were apparent in 
some quadrats. These measures are strongly affected by 
Changes in the relative abundance of component species. 

Chance recruitment adds individuals and species throughout 

the year and predation unpredictably removes them, thus con~ 
stantly changing the relative abundance of species. These 

two factors, acting together, will probably cause continuous 
and largely random variations in both diversity and evenness 
over an 18 month period. They may however, show cyclic sta- 
bility (Orians 1975), i.e. they may oscillate within a given 
range of valves, over longer periods. Thomson and Lehner 
(1976) found that graphs of both diversity (H) and evenness 
(J) in an intertidal fish community produced nearly flat 
linear regressions based on collections over a seven year per- 
iod. However, their diversity measure, H, is not the exponent- 
jated form ety used in the present study; thus the fluctua- 
tions of H with time will appear to be of smaller magnitude. 
Evenness may be similarly influenced owing to the inclusion 
of H in the formula for evenness (J = tied 

The temporal pattern of NCP appeared to be markedly 
seasonal. The number of individuals gradually increased from 
January 1974 to a peak in September and then decreased until 
February-March 1975. Numbers increased again until June of 


that year when the study ended. This pattern was consistently 
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found in almost every quadrat. The data on the individual 
recruitment patterns of the species in the communities (see 
Figs. 8-12 ) suggest an explanation for the observed pattern 
in NCP, Most of. the species had two peaks in recruitment 
during the year. The autumn peak was generally the larger 

of the two. The absence of a discernible peak in most species 
in the spring of 1974 has already been discussed. This is 
reflected in the scattergrams where only a few quadrats show 
any evidence of a spring peak in 1974 and these peaks are 
minor. If most of the species in a community had recruitment 
peaks at the same time of the year, the effect would be add- 
itive, causing a marked influx of individuals such as that 
seen in the fall of 1974. The recruits of several gobiid 
species had a pronounced effect on NCP, owing to their abun- 
dance in the communities. The steady increase in NCP to a 
peak in September occurred presumably because the overall re- 
cruitment rate was sufficiently high that individuals were 
being added to the community faster than predation was removing 
them. As the recruitment rate declined in the autumn, preda- 
tion “cropped” more individuals than were being added and NCP 
decreased, 

The high correlation between NCP and water temperature 
is suggestive of an indirect causal relationship as tempera- 
ture is one of the factors most probably regulating spawning 
periodicity on an annual basis in the tropics (Pearse 1974), 
Thomson and Lehner (1976) found a highly significant correla- 


tion between water temperature and number of individual fishes 
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in a Gulf of California intertidal community. They attri- 
buted the seasonal increase in numbers to recruitment. 
Monthly (lunar?) cycles may be important in the short term 
spawning periodicity of reef fishes. Although I do not dis- 
count photoperiod, I believe it is less important. At any 
rate, maximum photoperiod will be out of phase with maximum 
water temperature. The annual variation in photoperiod at 
Curacao is only about 85. minutes (Nautical almanac 1975). 

As light is rapidly attenuated with depth, the light inten- 
sity at 40m is only 15-20% of that at the surface (Ott 1975). 
Annual variations in light at the greater depths would be of 
a lower range and intensity, thus limiting its potential use 
as a synchronizing factor. De Vlaming (1972) has reviewed 
the literature on the environmental control of teleost repro- 
Guctive cycles. <A paucity of information on tropical species 
is evident. 

Munro et al. (1973) have proposed that the major spawn- 
ing season of many reef fish species in Jamaica is correlated 
with water temperature. They suggested that annual tempera-~ 
ture variations determined the periodicity and proportion of 
spawning fishes and that maximum spawning occurred during the 
period of minimum water temperature (March-April). Despite 
the fact that the annual temperature range is only about a C 
(26-5 = 29,5° C) in Jamaica, at uppearsethat this variation 
is sufficiently Deee for the regulation of fish reproductive 
cycles. The water temperature range in Curacao is also about 


ote C, with a minimum in the spring; thus the proximate factors 
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are similar at the two islands. The predictability of the 
environment probably allows the entrainment of reproduction 
to this environmental variable despite its small range. 
Studies of the effect of water temperature and photoperiod 
on reproduction in tropical reef fishes would do much to 
clarify the relative influence of these two environmental 
variables, 

The adaptive value of different spawning seasons in 
the tropics is not well understood, nor is the influence of 
environmental factors which presumably regulate these cycles. 
One possibility is that spawning peaks at different times of 
the year, in closely related species, may serve to reduce 
competition for space by young juveniles (Smith and Tyler 
1972). Several - different annual breeding patterns have been 
observed in tropical echinoderms (Pearse 1974) and further 
investigations of spawning patterns in reef fishes may pro- 
vide similar evidence. I suggest that a study of the spawn- 
ing patterns in a territorial pomacentrid guild, where all 
members may use resources in a similar way, would be an ex- 


cellent starting point. 
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SPATIAL ASPECTS OF COMMUNITIES 
Space utilization 

In the diverse fish communities found on coral reefs, 
space has been said to be the most important limiting re- 
source (Smith and Tyler 1972). The species richness of such 
communities suggests a high degree of species packing and 
hence the partitioning of resources in many ways. Smith and 
Tyler (1972) list what they consider to be the six essential 
aspects of space sharing: 1. hunting and feeding areas, 
2. shelter sites, 3. activity cycles, 4. symbiotic relation- 
ships, 5. seasonal cycles in reproduction and in the use of 
space by juveniles, and 6. territoriality. I have concen- 
trated on two of these aspects, the nature and occupancy of 
shelter sites, and territoriality, in an attempt to elucidate 
some elements of space resource sharing. Species living in 
sponges, an example of a symbiotic relationship, were included 
in the shelter site analysis. Long term field observations 
(18 months) provided the opportunity to keep a record of which 
sites in each quadrat were occupied, and by what species. 
This was accomplished by the use of accurate maps (derived 
from photographs) of each quadrat and the careful recording 
of the location of individuals during each census. Two other 
aspects of space sharing, seasonal cycles in reproduction and 
activity patterns, have been discussed in previous sections. 

It was apparent from many hours of field observation 
that most species utilize particular kinds of space, but it 


is difficult to characterize these kinds of space in more 
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than subjective terms. Six kinds of space or sites were recog- 
nized: 1, territories, 2. home ranges, 3. simple ledges, 4. cre- 
vices and caves in the reef infrastructure, 5. tube-worm (and 
Similar) holes and 6. sponges. This division is based mainly 
on association but is dictated largely by the behaviour and 
movements of the species. A total of 25 species were included 
in the spatial analysis (Table 25) and the use of each of the 
Six kinds of sites was monitored in each quadrat. Most of the 
Species were fairly sedentary or diurnally inactive; this facil- 
itated visual censusing. Only those sites which were occupied 
for more than 10% of the study (four or more censuses) in Cura- 
¢ao were included. 

The data allowed the determination of three aspects of 
the use of space: a) constancy - the percentage of time that a 
given site was occupied by a species over an extended period 
(68 weeks), a measure of space utilization, b) consistency - 
the percentage of time that a site was occupieu by a species 
from its first recorded occurrence at the site, until the end 
of the study and c) time span - the estimated period of occu- 
pancy of each site in weeks. 

An analysis showed that few new species were recorded 
in any of the quadrats following the first four censuses. 
The species which did occur after this time were relatively 
rare, This indicates that most of the species which were 
present at the time, and which could be visually sampled, 
vere detected within four sampling periods. In order to esta- 


blish a common base for comparisons of all species, the 
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TABLE 25 - List of the six kinds’of sites considered in the 


spatial analysis and the 25 species associated with them. 


Site : 
code Site 

Al territory 

one home range 

ie ledge 

4, reef infrastructure 

(crevices, caves) 

5% worm=hole 

oF sponge 
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Species 


ea ae 


By partitus 
Be. planitrons 


Amblycirrhitus 
Centropyge argi 


Enneanectes atrorus 


Micrognathus ensenedae 
Seerrtriemen remnant ACORN Riemer TE SED 


Apogon townsendi 
Myripvristis jacobus 
Priacanthus cruentatus 
Quisquilius hipoliti 


Apogon lachneri 
Equetus punctatus 
Holocentrus marianus 
Liopropoma carmabi 


peed fe 


L. rubre 
Lipogramma trilineata 


Plectrypops retrospinis 


Acanthemblemaria spinosa 


Emblemaria bahamensis 


Gobiosoma horstl 


et ere 


Starksia hassi 
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constancy of space utilization was calculated for the last 
32 censuses (68 weeks) of the study i.e. for the period 
following the initial four censuses. 

The first occurrence of a species at a site was 
marked on a permanent map of each quadrat. All subsequent 
occurrences during censuses were noted and tentative “depart- 
ure" dates were assigned when an individual was missing. 
These were amended if, what was thought to be, the same indi- 
vidual was subsequently present during a later census. When 
estimating periods of occupancy, it was often difficult to 
determine the exact "departure" dates of many of the smaller 
species; in these cases, the minimum period was used. This 
was the time span that the individual could have been present 
assuming consecutive census occurrences. The data on space 
utilization in each quadrat, ordered by transect, may be found 
in Appendix A. A summary of the data for each transect is 
presented in Tables 26-28. 

Major differences were apparent in the constancy and 
consistency of the use of the six kinds of sites. The three 
territorial pomacentrid species showed the most constant use 
of space along all three transects. A total of 13 terri- 
tories of Eupomacentrus planifrons were monitored and eight 
of these were continuously occupied for the entire study. 

The remaining territories were sites where individuals had 


disappeared or where recruits had moved in to establish a 


ud 


territory. The territories of large, mature fish were occupied, 


by what I am confident were the same individuals, for periods 
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of up to 81 weeks (Table 26). A number of these individuals 
were identifiable by scars or other distinctive markings. 
Eupomacentrus diencaeus was found only in one quadrat (II-10). 
Two of the three territories were continuously occupied for a 
period of 80 weeks (Table 27). No attempt was made to moni- 
tor the territories of E. partitus in most of the shallower 
quadrats (10 and 20 m) because they were too numerous and 
were more difficult to define. However, the number of mat- 
ure individuals showed only small fluctuations in all of 
these quadrats throughout the study, suggesting a high degree 
of constancy in the number, and presumably the use, of these 
territories. The territories of mature fish in some of the 
deeper quadrats showed the same constancy of use over long 
periods as their congeners (Table 27). 

Of the four species whose sites were listed as a home 
range, only one the cirrhitid Amblycirrhitus pinos, was re- 
latively common, It was recorded only at 10 m. The mean 
values for the three quadrats are remarkably similar (Tables 

26-28 ). The percentages are probably underestimates 
owing to the difficulty in detecting this species when it is 
amongst corals. Centropyge argi, a chaetodontid, was found 
in only one quadrat (I-10). It had a well defined home range 
and was present for most of the study (Table 26), Enneanectes 
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atrorus, a small cryptically coloured clinid, appeared to 


¢ 


move within a small limited area. One site was occupied for 


59% of the study (Table 27), but mean values were considerably 


lower. A syngnathid, Micrognathus ensenedae was found within 
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the same area (about 5m es of a quadrat for 53% of the time 
since its first recorded occurrence (Table 28). This un- 
common species was sighted in several other quadrats but 
never consistently. 

Three of the species associated with ledges were 
nocturnally active. Two of these, the holocentrid Myripristis 
jacobus and the priacanthid Priacanthus cruentatus, are re- 
latively large species and are limited to sites of sufficient 
size to provide shelter. Both of these species were found at 
only one transect (III). The former species was very con- 
sistent in its occurrence (Table 28), apparently returning to 
the same location (a 50-75 em section of a ledge) after noc- 


turnal foraging. P. cruentatus appears to have a larger home 
Oo eae: acti A abe 


oe a 


range and probably employs several shelter sites, but one 
site was occupied for 50% of the study over a period spanning 
76 weeks (Table 28). The apogonid, Apogon townsendi, showed 
considerable variability in the constancy of use of space, 
but once present it was usually quite consistent (Table 28). 
At several sites, more than one individual of this species 
was present at the same time. 

Two of the other species generally associated with 
ledges had restricted home ranges. The grammid, Gramma loreto, 
hovers within about 25 cm of its shelter hole, picking zoo- 
plankton. It retreats into its hole under a ledge when dis- 
turbed. The gobiid, Quisgquilius hipoliti, which may be ex- 
tremely abundant in some areas, usually rests on its pelvic 


fins under a ledge and darts out to strike at small planktonic 
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organisms. For G. loreto mean values for constancy of use 
along the three transects were similar (Tables 26-28, When the 
calculations were made with the sites of mature individuals 
only, all of the means increased to about 50%,indicating a 
more constant use of space by mature fish than by juveniles 
or recruits. A total of 147 sites were monitored for Q. 
hipoliti, the largest sample for any of the species. All 
three transects have strikingly similar mean values for 
constancy, consistency and time span (Tables 26 - 28 ), 
Because the sample sizes are large, I believe the figures 
to be a reasonably accurate reflection of these parameters 
in this species. 

There are many species which normally move about or 
shelter within the reef infrastructure. The characterization 
of the different uses which are made of this space is diffi- 
cult owing to the fact that it is usually inaccessible for 
observation. <A cave may be the home range of some of the 
smaller diurnal species and the shelter site of a nocturnally 
active species. ‘ 

Two nocturnal apogonid species, Apogon Jachneri and 
A. phenax, typically prefer different kinds of shelter sites 
within the reef. The former species is usually found in re- 
latively small, dark caves while the latter is most common 
in dark, enclosed crevices of small dimensions (10-15 em). 
Livingston (1971) noted differences in the microhabitats of 
the apogonid species he studied in Florida and his descrip- 


tion of the microhabitat of A. lachneri is similar to that 
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given here. This species was uncommon except in one quad- 
rat where it was fairly constant (Table 28), although the 
Sample size is small. The sites used by A. phenax were more 
numerous and show similar mean values in most comparisons 
between transects (Tables 26-28). 


The holocentrids, Holocentrus marianus and Plectrypops 


retrospinis,were amongst the species exhibiting the most con- 
stant and consistent use of space (Tables 26 - 28), The 
mean values of these measures for these two species were the 
highest recorded except for the pomacentrids. Two of the 13 
sites of H. marianus had a constancy of 100%, while four of 
the nine sites of P. retrospinis had constancy values over 
75%. As in the apogonids, differences in shelter sites were 
apparent; H. marianus remained in open caves with some light, 
while P. retrospinis was usually found in the deeper, darker 
recesses of the reef. 

A single mature sciaenid, Equetus punctatus, occupied 
a site under an eroded coral head for 41% of the study fable 28). 
It apparently had a reasonably large home range and may have 
uséd several shelter sites. 

Three species in the serranid genus Liopropoma, L. 


carmabi, L. mowbrayi and L. rubre were invariably observed 


within the reef infrastructure and rarely ventured into the 
open. The latter species was observed relatively often, while 
the former two species were found only at the deeper quadrats 


(30 and 40 m); they were not common. The detection of these 
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species on a consistent basis was difficult owing to the 
labyrinthine nature of the reef; therefore, the percentages 
are undoubtedly underestimates. The mean constancy values 
for L. rubre show some variation while consistency is similar 
(Tables 26 - 28). Of the total of 30 sites which were moni- 
tored, 11 were occupied for longer than half of the study (38 
weeks), indicating long term use of sites. Both L. carmabi 
and L. mowbrayi were represented at only two sites each, and 
neither species was very constant (Tables 26 - 28 ). They 
are secretive species which move quickly through the reef 
infrastructure; thus they are particularly difficult to cen- 
sus. The time spans of occupancy (up to 24 weeks) support 
the suggestion of underestimation of percentages. 

The final species listed in association with the reef 
infrastructure, the grammid, Lipogramma trilineata,was often 
found under ledges aswell, but it was rarely as visible as 
Gramma loreto. Only slight disturbances may cause it to dart 
into its shelter hole. A comparison of the mean values for 
the transects (Tables 26 - 28), shows only minor differences, 
suggesting some regularity in the level of censusing by the 
observers and in the behaviour of the species. Again, the 
time spans at some sites (up to 68 weeks) suggest underesti- 
mates in the percentages. 

Two clinid species, Acanthemblemaria spinosa and 
Emblemaria bahamensis were assigned to the fifth site category. 
Both species were most often seen in abandoned serpulid tube- 


worm holes, but may utilize any form of eroded hole provided 


rae. ao 
oe? “aharenien bao a 
bigio' cis yee eta | 
7A 


vee, Wa hie 
wy (v7, 


| it Nae teen Linon Mag) 


ations Pe, <ernat m3 om ; 
aie ©. | ve tue Aden ovat 9 
yr es 


r29 )/ Rave 


it is of the correct dimensions. A. spinosa is generally 
far more abundant than E. bahamensis. A total of 49 diff- 
erent holes of the former species (all at 10 m) were moni- 
tored during the study. The 12 sites of E. bahamensis were 
located at both 10 and 20 m quadrats. -A. spinosa had higher 
percentages and longer time spans than E. bahamensis (Tables 
26 - 28). The low value for A. spinosa at I-10 (Table 26) 
was due to the disappearance of the lone individual shortly 
after the study began. Twelve of the A. spinosa sites had 
constancy values greater than 80%. 

The species which are obligate sponge dwellers can be 
expected to show a high degree of constancy and consistency 
owing to their very limited home range. Facultative sponge 
dwellers may be more variable. One species from each group 
was recorded, The gobiid,. Gobiosoma horsti, an obligate 
species (Tyler and Bohike 1972) was found in two different 
species of sponge (Callyspongia sp. and Neofibrularia massa ?). 
As expected, it was continuously present for the entire study 
at sOnemoitemolaple ge?) athe other seitepnadeintermutten: 
occurrences of recruits and juveniles but never any mature 
individuals. The facultative species, a clinid, Starksia 
hassi, was found only in Callyspongia sp. The data are from 
only two sites. One of the sites, occupied for 23 weeks, had 
a consistency of 80% (Table 26), while the other was less 


consistent but was eccupied over a span of 59 weeks. 
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If it is accepted that space is the resource most 
limited on coral reefs, then it is reasonable to expect 
that many species will have evolved behaviour patterns to 
ensure an adequate amount of living space. Predation press- 
ure appears to be very high on reefs (Hobson 1968, 1973), 
thus there must be strong selection against species straying 
too far from cover. As most species require a certain kind 
of shelter site, the presence and abundance of the requisite 
shelter will have a strong influence on whether the species 
is likely to be successful in becoming established in that 
habitat. The proximity of appropriate feeding or hunting 
areas to the shelter site will also be important. Predation 
pressure, the distribution of food resources and the avail- 
ability of refugia will all influence the size and shape of 
foraging areas (Covich 1976). 

smith and Tyler (1972) suggested that "if the indivi- 
dual's home site is rigorously guarded and defended against 
all intruders, this could be an important mechanism for sta- 
bilizing the community." There are few data available on 
the behaviour of most species regarding the defence of a 
shelter site. However, data on the constancy and consistency 
of use of specific shelter sites should provide a means for 
assessing its possible stabilizing influence on the community. 
If a certain individual consistently uses the same shelter 
site, this may be accomplished either by active guarding of 


the site against other individuals, or by passive exclusion 
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owing to the individual's presence. 

Only three of the species considered in the spatial 
analysis exhibit true territorial behaviour (Brown and Orians 
1970); all are species of the pomacentrid genus Eupomacentrus. 
E. planifrons and E. diencaeus are benthic feeders while E. 
partitus is mainly planktivorous. All three species defend 
a well-defined area rather than a specific hole, but the basis 
for this defence is more clear in E. planifrons (Myrberg and 
Thresher 1974),and its congenerE. diencacus, than in E. parti- 
tus (Myrberg 1972). These species show intra- and inter- 
specific defence; since the territories are virtually con- 
stantly occupied, the territory holders must have a very in- 
fluential effect on the use of space. 

The home range of Amblycirrhitus pinos often broadly 
overlaps with the territories of these pomacentrids, but 
there seems to be little interaction between them. This 
overlap of home ranges and territories may be observed at 
several levels down to the smaller gobies and clinids. This 
is one of the mechanisms permitting the intensive use of 
space on coral reefs i.e. there are few exclusive areas. 

When there is extensive spatial overlap in non-labile species, 
feeding specializations often tend to reduce competition. 
This has been demonstrated in bird communities (Cody 1974). 

Two of the important nocturnally active families, the 
holocentrids and apogonids, shelter in the reef during the 
day, disperse at night to feed, and then return, generally to 


the same site, at dawn. Obviously, topographic orientation 
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(Jander 1975) is involved in this return to the site. These 
species show some of the characteristics of refuging (Hamil- 
ton and Watt 1970), but on an individual rather than a group 
basis. The high constancy values for Holocentrus marianus, 
Plectrypops retrospinis and Myripristis jacobus indicate that 
the same shelter sites are used over long periods. These 
Species are among the larger ones included in the study and 
their consistent presence in the reef infrastructure will in- 
fluence the space available to other species. I have no evi- 
dence of active guarding of sites by any of these species; 
in fact, in one cave H. marianus, M. jacobus and Equetus 
punctatus were frequently found together. Individual apogonid 
sites were occupied for most of the study but mean values were 
generally lower than those for the holocentrids. This sug- 
gests more variable use of space, or return to the same gen- 
eral area after foraging, but not the same site. These obser- 
vations on holocentrids and apogonids are in general agreement 
With those of Smith and Tyler (1972). 

Two of the species associated with ledges, Gramma 


Quisquilius hipoliti, were not as constant as 


naam 


loreto and 


other species but mean values were 30-40%, These species 
move in small circumscribed areas, but can be very abundant 
in certain locations, effectively using much of the ledge 
space available. 

The species of Liopropoma have lower constancy values 


than most of the other species, but these undoubtedly are 
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underestimates as the same sites were occupied, by what 
appeared to be the same individuals, for periods of up to 

68 weeks. Their home ranges within the reef infrastructure 
may be as large as the size of the quadrat. lLipogramma 
trilineata was never observed to move more than about 75 om 
from a central shelter hole and the low percentage values 

are probably due to its secretive nature. The two species 
which resided in tube-worm holes occupied a microhabitat 
which requires some morphological specialization; touSe2ea 
open to only a few species. Holes were occupied by Acanthem- 
blemaria spinosa for long periods (up to 69 weeks), presumably 
by the same individuals. When vacated, some holes were re- 
occupied within a few days by an individual of the same 
species. Several vacated Emblemaria bahamensis holes were 
occupied by A. spinosa within two days. This suggests that 
suitable holes for this species may be in short supply. 

Some species have become morphologically specialized 
to inhabit sponges while others appear to use sponges simply 
as shelter sites (Tyler and Bohlke 1972). The use of sponges 
for shelter sites may simply be a means of reducing competi- 
tion for a limited resource. 

Smith and Tyler (1972) have suggested that even if 
“only a relatively small fraction of the species present" 
defend their home sites, it would have the effect of provi- 
ding a stable base population against which the more labile 
species would need to compete. I believe this argument may 


be xtended to include species exhibiting a high degree of 
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spatial constancy, without evidence of home site defence. 

It should be recalled that all sites occupied for four or 
more censuses were included in the calculation of the mean 
values (Tables 26 - 28). Therefore, sites only recently 
occupied near the end of the study, or those which were 
occupied for only the minimum period before being vacated, 
tend to decrease the mean values substantially. The sto- 
chastic nature of mortality and recruitment are thus par- 
tially accounted for in the mean values, but the range indi- 
cates that maximum values are often very high. A more inten- 
sive study of a few sites, possibly with marked individuals, 
would do much to amplify these findings. 

A survey of the data indicates that the territorial 
pomacentrids, by virtue of their spatial constancy, will be 
the most influential group. affecting the movements (and feed- 
ing) of the more labile species (Low 1971; Vine 1974; Moran 
and Sale 1977). The holocentrids and apogonids appear to be 
the two groups most likely to influence the diurnal use of 
space in the reef infrastructure. This influence will pro- 
bably not be as direct or overt as that of the territorial 
pomacentrids, but may be just as significant. 

The data presented here support the contention that 
space may be the most important limiting resource on reefs, 
Mean values for space utilization are very high in some spe- 
cies; these are generally the larger, longer-lived species. 


The lower constancy values occur mostly in the smaller, less 
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conspicuous species which may complete their life cycle in 
less than one year and thus have a higher turnover rate. 

The lower constancy values in some of the species are also 
partially the result of the Limitations of visual censusing 
in a topographically complex environment. The stochastic 
nature of the recruitment-loss process on the reef will pro- 
bably limit spatial constancy to values considerably less 
than 100 % in most species. This should not be taken as 
evidence that the availability of suitable space is not of 


fundamental importance to reef fishes 
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An aspect of the use of space which is very important 
is the diurnal-nocturnal sharing of the same shelter sites. 
This use of space in "shifts" is one of the factors promoting 
a higher degree of species packing. During the dawn and dusk 
changeovers, nocturnal and diurnal species change positions 
in a characteristic sequence (Hobson 1965; Collette and Tal- 
bot 1972; Domm and Domm 1973). Diurnal-nocturnal observations 
in the same quadrats provide information on the extent of 
movement (home ranges) of species and on the sharing of the 
same shelter site by different species. The non-labile spe- 
cies remain within the same area both day and night (Table 29). 
The species involved in the nocturnal phase of space 
sharing (Table 30) are most often diurnal planktivores. © These 
species commonly form schools which feed above the substrate. 
At dusk, these schools break up and the individuals seek shel- 
ter either singly or in small groups. 

The two most abundant species sheltering at night were 
Clepticus parrai and Chromis multilineatus. The former spe- 
cies consistently used the same sites (Table 30), which were 
all occupied by lone individuals. Collette and Talbot (1972) 


found the same crevice occupied by Clepticus parrai on seve- 


ral occasions on their study reef. Chromis multilineatus was 
too abundant at the shallower depths to monitor individual 
sites, but it appeared to be less precise in the use of space. 
As many as three or four individuals were found together un- 


der the same ledge. This species was usually more conspicuous 
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TABLE 29 - Diurnal and nocturnal space utilization of sites 
by species. 


Sis of each quadrat are considered. 


Only the sites included in the spatial analy- 


No. of 
Quadrat sites Sites Species 
I-10 il home range Amblycirrhitus pinos 
1 worm hole Emolemaria bahamensis 
I-20 1 territory Eupomacentrus planifrons 
I-30 2 Ccave* Apogon phenax 
II-10 af territory Eupomacentrus diencaeus 
1 territory Eupomacentrus planifrons 
ih home range Amblycirrhitus pinos 
a worm hole Acanthemblemaria spinosa 
ih sponge Gobiosoma horsti 
II-20 al cave Plectrypops retrospinis 
TII-10 uk territory Eupomacentrus planifrons 
1 home range Amblycirrhitus pinos 
18 worm hole Acanthemblemaria spinosa 
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TABLE 30 - Diurnal-nocturnal space sharing of the same shel- 
ter sites, Only the sites included in the spatial analysis 


are considered, See Table 1 for generic names, 


a Diurnal y Nocturnally 
Quadrat Site(s) occupied by occupied by 
I-10 sponge S. hassi Ee parti tus 
I-30 cave L. carmabi C. cyaneus 
T-40 ledge Cena Deli tas Gy parrcar 
TI-40 ledge Py cetrospi nis C. parrai 
TII-10 cave E, punctatus C. cyaneus 
H, marianus 
sponge Ss. hassi T. bifasciatum 
ITI -20 ledge P, retrospinis Cy parras: 
ledge L,. trilineata Cypasras 
PB, retrospinis 
ledge L, rubre CG, tparrak 
P. retrospinis 
ledge G. loreto Cx parras 
i ruore 
ledge H, marianus C. cyaneus 
ledge A. townsendi C. cyaneus 
cave A. townsendi Cum pant at 
III-30 ledge L, trilineata C, cyaneus 
cave L. rubre A. lachneri 
ledge G. loreto C. parrai 
Py Tetrospinis 
jp aeace%6) ledge H. marianus C. parrai 
ledge L. rubre c. cyaneus 
P, retrospinis C. insolatus 
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the same sites (Table 30). Collette and Talbot (1972) noted 

a Similar difference between these two species, with C. cyaneus 
being found deeper in crevices. Starksia hassi was not ob- 
served in its sponge (Callyspongia sp.) at night (Table 30). 
It may have left to forage outside the sponge or have been 
deeper inside so that it was not visible. The two species 
using these sponges at night, Eupomacentrus partitus and Thal- 
assoma bifasciatum, were present at every nocturnal census. 
Smith and Tyler (1972) also recorded the latter species ina 
sponge of the same genus at night. The nocturnal species, 
Apogon lachneri and Plectrypops retrospinis, are among those 
species that feed close to the substrate; their occurrence 


at the two sites in III-~30 (Table 30) may not be a true case 


of space sharing. 
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RELATIONSHIP BETWEEN FISH PARAMETERS AND SUBSTRATE VARIABLES 
Analysis of substrate variables 

The values of three substrate variables - substrate 
rugosity (SR), vertical relief (VR) and coral species rich- 
ness (CS) were determined for each quadrat in the study. 
These data are summarized in Table 31. The largest SR values 
in Curagao were generally found at 20 m. The 10 m values 
were highly variable while the 30 and 40 m values showed a 
progressive decrease with depth. The SR and VR for each quad= 
rat were highly correlated (r=0.848, p <.0,001) and hence the 
vertical relief pattern with depth closely parallels that of 
the SR. Photographs of each quadrat may be found in Appendix B. 

In Bonaire, the pattern for the single transect showed 


a relatively large SR at 10 m and the values decreased with 


a Single pattern; however, survey dives at eight different 
locations along the leeward coast indicated that vertical re- 
lief was usually greater at 10 m in Bonaire than at Curagao, 
Coral species richness (CS) at both islands was greatest at 
10 or 20 m and declined with depth (Table 31). 

Individual SR values ranged from 1.10 in areas of 
Sandy rubble to 4.60 in topographically complex areas with 
large vertical relief and small caves. In order to determine 
if the ledges projecting outward from the reef slope had an 


influence on the SR of a quadrat, the means of the measure- 
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ments parallel to the drop-off, and those perpendicular to 
it, were compared (Student's t-test). In only one quadrat 
(II-20) out of 16 was there a significant difference (t = 

2.58, p < 0.05) between these measures. This finding indi- 
cates that in most cases, a set of measurements in only one 
dimension should suffice to give a representative SR value. 

In order to determine if there were significant changes 
in SR values down a transect, all pairs of quadrats along each 
transect were tested (Duncan's Multiple Range Test). At tran- 
sect I, all pairs but one were significantly different from 
each other while the remaining three transects had fewer diff- 
erences (Table 32). The four quadrats at the same depth were 
also compared with each other. The 10 m values were all signi- 
ficantly different from each other, while 20 and 40 m had only 
one significantly different pair and 30 m had none (Table 33). 

The percentage substrate cover data for all of the quad-~ 
rats (Table 34) may be represented as two triangular plots 
(Fig. 21). This technique depicts the proportions of the three 
principal categories of the substrate as a single point (see 
MacArthur et al. 1962). Several trends are apparent. The only 
quadrats with a large amount of sand are at 10 and 20 m. None 
of the Bonaire quadrats has any significant amount of sand, 

The glomerate category dominates at 30 and 40 m along all tran- 
sects and most of it is composed of coral rock (Fig. 21). The 
coverage by ramose corals at all depths is relatively small. 
The quadrat with the largest ramose coverage (I-10) was essen- 


tially a monospecific stand of Madracis mirabilis. 
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TABLE 32 ~ Comparison of the SR of all pairs of quadrats 


down each transect (Duncan's Multiple Range Test). A 


connecting line indicates means which are NOT signifi- 


cCantiyeditferent (p< 0.05) from each other. 
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TABLE 33 - Comparison of the SR of all pairs of quadrats at 
the same depth (Duncan's «ultiple Range Test). A connect- 
ing line indicates means which ARE significantly different 
(0-00.05) from each other. 
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TABLE 34 - Percentage substrate cover by principal categories 


for 12 quadrats at Curagao and 4 quadrats at Bonaire. 


PORTH Sy STD A Ae SS TET a LE FEAL A LT RID NS TN 


Glomerate corals Ramose corals 
Quadrat ee — Sauna REnon Sand 
Live Dead Live Dead 
I-10 5.5% 3.4% 55.07 30.6% 4.7% 
-20 14,1 14.3 tl She S52 54.9 
~- 30 Sa 64.5 Aine, 0.0 Melee 
~-40 ee 6150 By a we) 28,4 
II-10 LO 6,6 8 ar. 3.4 Soe 
-20 16.4 65.9 Ges (aes: 8.6 
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FIG. 21 - Triangle diagrams of percentage substrate cover by 
principal categories in quadrats along three transects (I, 
II, III) at Curacao and one transect (IV) at Bonaire. 


Numbers are depths of quadrats. 
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The range of individual SR values in this study pro- 
bably represents a large proportion of the substrate rugosity 
conditions found on coral reef tracts in the Caribbean. Indi- 
vidual patch reefs would certainly yield higher values, as 
might single species stands (e.g. Acropora palmata), but such 
stands were not included in the present study. The conditions 
on most reefs range from flat, sandy areas to coral rubble to 
caves and overhangs. The highest individual SR value recorded 
was 4,60 in Bonaire (10 m) in a region where vertical relief 
was about 1.5 m. Risk (1972) obtained the equivalent of an 
SR of 4.0 as a maximum value in the shallow waters (4.5 m) 
Grounds ot eJODnyy Uso. Virgin @elands, 

The finding that the SR and VR were highly correlated, 
despite the large variation in topographic complexity on the 
reef, is significant. In areas with greater relief, it be- 
comes increasingly difficult to make accurate SR measurements 
and the use of VR measures thus becomes easier and faster. 
Dahl (1973) has pointed out that the vertical relief of peaks 
and their frequency of occurrence are two important parameters 
necessary for the estimation of surface area. 

The substrate rugosity patterns with depth show consi- 
derable variability, but one trend is apparent. The values 
at 10 m are the most variable, representing a wide range of 
substrate conditions. The values at 20 m are generally high 
and there is a consistent decrease to 40 m, The similarity 


in these patterns, from 20 to 40 m, is probably related to 
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the similar geomorphology of the reef slopes of the two 
islands. The physical factors influencing coral colony 
development and growth at each depth are also important. 
The lack of significant differences in SR in quadrats at the 
same depth (except 10 m) is probably best explained by a com- 
bination of these factors. 

Coral species richness (CS) shows a consistent de- 
crease with depth from 10 to 40 m (Table 31). Bak (1975) 
remarked on the high coral density and diversity on the 
reef slope of the SW coasts of Cura¢gao and Bonaire and the 
rapid decrease in these two parameters below 35-40m. This 
decrease is reflected in the lower CS values at the greater 


depths. 
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Correlation of fish parameters with s substrate variables 

The three substrate variables determined in the field 
(SR, VR, CS) were tested (correlation coefficient) against 
the fish community parameters. Three significant correlations 
were found at Curacao, No with SR and VR, and N with SR 
(Table 35). <A similar analysis was made of the Bonaire data 
and many correlations were found to be significant (Table 35). 
These correlations are unusually high considering the small 
sample size (N = 4). At both islands, Ny was highly correlated 
with SR, and N was also significantly correlated with SR. A 
scattergram of No against SR for both islands was plotted 
(Fig. 22). Linear and curvilinear regressions were calculated 
for each island, and for the combined data, but the linear 
regressions provided the best fit. The regression line for 
each island was plotted (Fig. 22); the slopes of these lines 
were found not to be significantly different from each other 
Gtr 1.74. Non 

In addition two other sets of substrate variables were 
tested. They were the variances (s” ) and coefficients of 
variation (CV = 100 SD/X) of SR and VR. The rationale for 
using these two measures is that the variability of substrate 
topography may be as important in determining community para- 
meters as the mean quantity of the same substrate variable. 
These measures were generally poorly correlated with the 
community parameters and only one significant positive correl- 
ation was found, that between CV (SR) and Ny Cye= 0.505, 


p<0.05) in Curacao. Finally, the transformed (arc sin) per- 
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TABLE 35 =- Correlation matrix of substrate variables and fish 
community parameters from 12 quadrats at Curacao (Cur.) and 


four quadrats at Bonaire (Bon.). 


ted with mean quadrat values except CS. 


Substrate 


Variables 
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centage cover data were tested against the community para- 
meters. Two significant correlations were found, both nega- 
tive, and neither was readily ecologically interpretable. 

The three initial substrate variables (SR, VR, CS) 
were then used in a stepwise multiple regression analysis 
with each of the community parameters. In all cases, SR 
accounted for the greatest proportion of variation in the 
dependent variable. The contribution of VR and CS varied 
with different parameters, but was generally small. However, 
because SR was highly intercorrelated with VR (r = 0.848, 
p= 0, 001)and more surprisingly CS (ro = 10. 556.05— 0-001). 
this set of variables was considered unsuitable for multiple 
regression interpretation as the results become less reliable 
with high multicollinearity (Nie et al. 1975). For the same 
reason, the variances and coefficients of variation of SR 
and VR could not be used in a multiple regression. As a 
consequence, SR was used alone in a simple regression analy- 
sis, 

Further evidence for the assertion that SR was the 
most important substrate variable comes from the partial 
correlation coefficients calculated from the same data set. 
Ny was still significantly correlated with SR when VR and CS 
were held constant (Table 36), but it showed no correlation 
with VR as it had in the simple correlation coefficient 
analysis (Table 35). The most likely interpretation of this 
finding is that VR is an essential component of SR, i.e. 
vertical relief enhances rugosity, but the converse is not 


necessarily true. It is possible to have a large VR but a 
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TABLE 36 - Partial correlation coeffident matrix of sub- 
strate variables and fish community parameters from i2 
quadrats at Curagao. Each coefficient is calculated 


holding the remaining two substrate variables constant. 


substrate Fish community parameters 
variables N a aan ote O57 ho ial Ny No 
CS -0.370 -0.044 -0.362 -0.239 -0.021 
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relatively small SR, e.g. a large glomerate coral head. 

The only other significant partial correlation was that 
between N, and SR, indicating that SR may have some influence 
on diversity. All coefficients with VR and CS were either close 


to zero or negative, The relatively high negative partial cor- 


e 
relations between VR and Ny and No (Table 36) are of some inte- 
Vest eney serve to confirm that cR vs the most: important var- 
iable influencing diversity because when SR is held constant, 
and VR is increased, rugosity is effectively decreased. A de- 
crease in diversity occurs under these conditions. 

The relationship between No and SR, once established, 
provided the opportunity to use it in a predictive capacity. An 
attempt was made to predict No from the mean SR of two experi- 
mental quadrats. These two quadrats were randomly chosen in 
the general areas of the other transects in Curacao, one at 10 m 
and the other at 20 m. The SR measurements were made and the 
mean value calculated. The value of No for each experimental 
quadrat was then predicted from the regression line (Fig. 22). 
Several censuses were conducted in each quadrat over a two week 
period to obtain estimates of No. The value for the 10 m quad- 
rat was in close agreement with that predicted, but the 20 m 
value was less accurate (Table 37). However, both predicted val- 
ves fell within the 95% confidence limits of the regression 
Horie wee 22) 

The relationship between selected species and specific 
substrate variables was also investigated. The species chosen 


were those which had marked substrate preferences. Three common 


gobiid species found at all depths, were considered to be suit- 
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TABLE 37 - Comparison of observed values of resident species 
richness (Ny) from two experimental quadrats with those 


predicted from a linear regression, 


Quadrat SR Observed Predicted Residual 
depth (m) No No (yes) 
10 1.89 145 16.3 shat 


20 1.88 20 16.2 3.8 
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able test species. During extensive field observations they 
were rarely observed away from their preferred substrate. Two 


of these species, Coryphopterus glaucofraenum and Gnatholepis 


thompsoni, were invariably associated with sand and the third 
species, Coryohopterus lipernes was found on live, usually eglom- 
erate coral heads, Correlations were sought between the mean 
number (N) of each of these species (over a 14 month period) and 
the area of their preferred substrate in the quadrats at Curacao. 
The transformed (are sin) area values were used in the calcula- 
tions, The mean values of N were calculated excluding the re- 
cruit size category. This was done because of the greater in- 
accuracy of the recruit counts due to the difficulty in detecting 
them on the sand, and to the large, short-term flucturations in 
abundance which affect the means. 

Both species associated with sand yielded significant 
correlations (C. glaucofraenum, r=0.821, p<0.01; G. thompsoni, 
r=0,620, p<0.05). The numbers of C. lipernes showed no signi- 
ficant correlation with either the area of glomerate coral 
(live) (r=0;416, NS) or total coral (live) (r=0,332, NS): 


Discussion 


”) 


( 


Coral reefs are topographically complex. The substrate 
is biologically generated and the corals are subject to numerous 
factors which affect growth, form and distribution. The quanti- 
fication of such a complex substrate is necessarily a rough 
approximation and most measures yield only gross estimates. The 
scale at which the investigator is working is an important con- 


sideration when determining the degree of precision required, 


Dahl(1973) has developed techniques for estimating the surface 
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area along reef transects by using geometrical approximations 
of known area and fitting them to common biological substrates 
on the reef. He divided his theoretical reef surfaces into 
three scales: 1. gross reef morphology, 2. individual corals and 
3. coral or rock surfaces. This was necessary as he was con- 
cerned with the substratum available for benthic macro-algae. 
The scale most significant to reef fishes for shelter is scale i 
and this is the level at which measures have usually been made. 
Scale 2 is important for many of the smaller species e.g. clin- 
ids and gobies, but little work has been done at this level. 
Talbot and Goldman (1972) used two different techniques to quan- 
tify habitat complexity - numbers of holes of three different 
Size categories and an estimate of bottom surface area using a 
piece of line. Risk (1972) measured habitat complexity on the 
reef by using a series of chain measurements as estimates of sur- 
face area. In ‘the present study, a similar technique using chain 
measurements was employed to obtain an estimate of surface rugo- 
Sty) (on), In addition, vertical relief ( which 1s important in 
producing habitat patchiness) was also measured, The SR, although 
a function of substrate complexity, is not a measure of hetero- 
geneity as it is normally characterized. It is essentially an 
estimate of surface area, and as such is not strictly comparable 
with other measures of habitat heterogeneity. 

Several studies on coral reef fishes have noted the 
presumed effect of the complexity of the reef and the re- 
sulting increase in surface area, on fish populations (Bardach 


1959; Randall 1963). Hiatt and Strasburg (1960) found more 
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species and individuals on "ramose" coral heads than on 
"glomerate” heads. They suggested that this was probably 

due to the lack of hiding places on the glomerate heads. 
Talbot (1965) indicated that there was a "clear relationship 
between quantity and complexity of fish population species 
structure with percentage and type of cover of the bottom", 

In one of the few quantified studies on the reef, Risk (1972) 
tested all of his substrate variables with two fish community 
parameters (diversity and total numbers). He found only one 
Significant correlation, that between diversity and substrate 
topographic complexity. The number of fishes was not signi- 
ficantly correlated with complexity or with the biological 
diversity of the substrate. Talbot and Goldman (1972) deter- 
mined that fish species richness did not correlate well with 
either number of holes or surface area, but it did fit well 
in a combined index which included two physical variables viz. 
wave action and temperature variation. However, the variables 
were used only in a ranking procedure thus making it difficult 
to assess the significance of this correlation. 

Such studies suggest that substrate complexity is an 
important factor determining fish species richness and diver- 
sity. It appears that increased complexity (surface area) is 
providing a greater diversity of shelter sites, thus enhancing 
species richness. This relationship may not be valid for a 
single species coral stand because of the limited diversity 
of shelter sites (Talbot 1965). The increase in complexity 


reflects not only the potential shelter sites available for 
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fishes and their prey, but also the surface area available 
for occupation by algae and invertebrates. The number of 
fishes was probably not highly correlated with the SR be- 
cause the fish species utilize several space-sharing mecha-~ 
nisms. This obscures a simple relationship between number 

of shelter sites and number of individuals. Neither measure 
of diversity was significantly correlated with the substrate 
variables in Curagao, although the partial correlation between 
N, and SR was significant (0.05 level). This indicates that 
rugosity is of some importance in its effect on the diversity 
of the fishes using a given substrate, 

None of the measures of substrate coverage showed any 
Significant positive correlations with the community para- 
meters, but several were found with individual species. A 
highly significant area effect was determined for the sand- 


rus glaucofraenum. This suggests 


seeder ar ens rere 


dwelling goby, Coryphopter 


that fish (mature and juvenile) occupy home ranges within a 
certain size range and that the number of individuals present 
is generally governed by the area of sand available. Several 
brief observation periods showed that mature individuals 
moved within a circumscribed area (usually 50 cm diameter). 
Smith and Tyler (1972) list the home range of this species in 
their study simply as a "ring", but give no dimensions. The 
mean number of Gnatholepis thompsoni was also correlated with 
area. This species is often found with C. glaucofraenum but 
it appears to prefer sandy areas with more rubble. The nunm- 


bers of C. Lipernes were not correlated with either the area 
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of live glomerate corals or total live corals. Other factors, 
in addition to substrate, are obviously important in deter- 


mining density and distribution in this species, 


SUMMARY AND CONCLUSIONS 

The resident fish communities along depth transects on 
the fringing reefs of Curagao and Bonaire were basically simi-~ 
lar in various aspects of community structure - trophic compos- 
ition, activity periods and home range designations. The three 
Curagao transects were very similar to each other in all aspects 
indicating little variation in the commurities at different loca- 
tions. Some differences were found with the single Bonaire 
transect but I do not believe that they indicate significant 
differences in community organization. 

The planktivores formed the largest percentage of the 
community in all quadrats. This predominance is not surprising 
as most of the resident species had small home ranges and plank- 
ton is a food source which may be obtained without having to 
move over the reef to forage. The importance of reef plankton 
to many of the small resident species has probably been under- 
estimated in the past. Species living within the reef infra-~ 
structure e.g. Liopropoma rubre have also been observed taking 
reef plankton near a cave entrance, The number of large carni- 
vorous species (mainly groupers) is higher at Bonaire than at 
Curacao probably owing to the decreased spearfishing pressure 
(the reefs are part of a marine park). The long term effect 
on reef fish community structure of a change in the predator 
populations at Bonaire would provide valuable insight into the 
influence of predators on the communities. 

Most of the resident fishes were diurnally active; the 


nocturnal element of the communities generally comprised less 
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than 25%, Those species designated as cryptic, either by 
colouration e.g. Enneanectes atrorus or microhabitat preference 
e.g. Liopropoma mowbrayi, made up a substantial proportion of 
the community in most quadrats. The ecology and behaviour of 
the species forming this seqment of the community is very poorly 
known, I have paid particular. attention to a number of these 
species during extensive observations and have determined some 
aspects of their ecology, viz. feeding and space utilization. 
Further study is necessary to clearly define their role in the 
community, 

The nocturnal communities were characterized by non- 
resident planktivores seeking shelter in the reef and apogonids 
foraging above the substrate. At night, the nocturnal species 
vacate their shelter sites to feed over the reef. The resident 
diurnal species settle into their nocturnal resting ilewene and 
the non-residents "pack" into the remaining space available, I 
have evidence that at least one non-resident species, Clepticus 
parrai, consistently uses the same sites at night. The markedly 
higher nocturnal abundance of apogonids indicates that many 
individuals are sequestered in the reef during the day wnere 
they cannot be detected. Since many apogonid species feed to- 
gether within a small area, it appears that competition for the 
same food source is reduced by feeding at different heights 
above the substrate. 

The communities along the transects were compared by two 
indices, the coefficient of community and Euclidean distance. 


At Curacao, there was a major change in species composition 
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in passing from the 10 m quadrat, on the edge of the reef plat- 


form, over the drop-off, to the 20 m quadrats on the reef slope. 


The deeper communities (30 and 40 m) showed high similarity with 


the CC index but were more variable when the relative abundance 
of the species was considered (D index). The single Bonaire 
transect had a similar CC pattern but the D values indicated 
preater uniformity in composition with depth. Several more 
transects would need to be investigated to determine the con- 


Sistency of the pattern at Bonaire. 


The distribution of the species which comprise the commun- 


ities is influenced by many factors, including competition, pre- 


Gation and food availability. Apparent depth preferences of 
species may be influenced by any, or all, of these factors in 
addition to substrate preference. Differences in the depth 
ranges of a few species between Curagao and Bonaire were noted. 
These were attributed largely to substrate differences, but 
other factors may also have been involved. Although there is 
usually specificity in the broad type of habitat occupied, many 


species are probably not microhabitat specialists. Several 


were found only in the 10 m quadrats while others (e.g. Liopnro- 
poma mowbrayi, Chromis scotti) were recorded only at 30m and 
hOm, About 15 resident species occurred at all depths and per- 
haps 10 of these were found in every quadrat. itiost of these 
species were gobiids, some of which had definite substrate pre- 
ferences (e.g. sand, live coral), while others apparently did 


not. The reasons for these differences in distribution are the 
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resuit of a complex of interacting factors. The elucidation 
of these factors will require a more thorough knowledge of the 
way in which reef fish communities are structured and main- 
tained. A useful starting point for species distribution would 
be a gradient analysis such as the one conducted by Terborgh 
(1971) on birds in the Andes. His three theoretical models of 
species distribution might profitably be tested on reef fishes. 

The diversity patterns along the transects were analyzed 
using Hill's diversity numbers, In Curacao, No increased from 
10 m to 20 m and then declined to 40 m. In Bonaire, there was 
a steady decline from 10 to 40 m. The two diversity measures, 
Ny and Nos exhibited no consistent trends. The beta diversity 
of the transects appears to be high, values ranging from 0,57 
to 1.00, In the latter case, there is a complete species turn- 
over in a 30 m depth range. The lowest value (from Bonaire) 
indicates greater homogeneity in species composition than at 
Curacao, 

The patterns of diversity along the depth gradients are 
the result of both biological and physical factors. Several 
substrate variables were tested against the diversity numbers. 
A significant correlation was obtained between resident species 
richness and a measure of the substrate rugosity in the quadrat. 
The importance of the topographic complexity of the reef in 
enhancing the number of species residing there has long been 
recognized. The finding of this study further supports this 
contention. In addition, the relationship was tested in two 


experimental quadrats and the results were found to be in agree~ 


- : 7 


ag? ly qiheivtdt Genyall eae aH 
~Alae tay Wercsorare ove Goleta 

ied ioe oo hat ieolh stan aA tate Seba 

one's gs Bee vino tet ait he Ag Nt aes: Sa 

90 ebwhed Bedls erent fen: edn d, On? Ai 


ped eat oo be : pidet heat sitaha pe bend H 

7 ri%s waskcet! OF role aptetss4, oimpevib 
4 ’ seuqvend! 4 veyuS Al .etecrer ef fetev: it nt 
a aq? .' i 4 » GA of Peciines now kos @ GF, 


y vt) eet )eat?’ om Oe oF Fl errs? ot Lisa® 3 
f ign Phare -2Ats ee ee 1459 ee 


uwlevy .aair ag oy aza278 uenese 

aan 12) pie » ee yea Ty sts ar ath 

: jew 2ee00! | ect rane rtqet a af. a oe . 
Ppaqaes sdiagye a4 ys Tedeyoms Peres Ta ey 
z is 


ane af tars 4ay iy © wwe. (2 haseyi? <0 coasting out 


a TT veda One Ieada inid adiad we 


stall 
_s 


yedmip Ysdwevit elt janiage feleer on eetntnar oP 


cs Be) 
og liege tnehias. 1eawe oF teonlatide tas ailvaleriog' S245 
chieears) ef2 Ulog? sear # NP HT VG, of? Ve vues 6, re 4 


Ai tant af? Ye winalqeey stmieeget om We ata 
maith pas aserg goipiany nutnags ‘ew 


ment with those predicted, 

The recruitment patterns of 16 resident species were 
examined by counting the number of size-designated postlarval 
recruits in all quadrats. The overall pattern of occurrence 
and abundance for the combined Curacao transects showed that 
most of the species had two peaks of abundance, one in the 
spring and one in the autumn. Comparisons with the limited 
Bonaire recruitment data were made in several species. Gen- 
erally the patterns were similar in corresponding months, Mem- 
bers of the Gobiidae appeared to have more than two peaks. The 
species with the largest sample sizes had recruits present 
throughout the year, indicating the existence of a surplus pool 
of fishes capable of colonizing any vacated area. 

A temporal analysis of four community parameters was 
made to detect, evidence of changes in community structure and 
possible seasonal trends during the 18 month study period, 
Species richness was mainly linear with some fluctuations, Ih 
most quadrats, there was an initial rapid increase in No as 
more species, particularly cryptic ones, were detected by re- 
peated visual sampling. 

The number of fishes (NCP) exhibited large fluctuations 
in abundance (two or three fold) which appeared to be seasonal, 
This finding is in contrast to an earlier supposition (Smith 
and Tyler 1972) that there was no evidence of large fluctua~- 
tions in abundance of reef fishes throughout an annual cycle. 
However, these authors did not have the benefit of continuous 
census data at a site over a period of a year. NCP was highly 


correlated with water temperature suggesting the influence of 
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reproductive periodicity on changes in abundance. The indi- 
vidual recruitment patterns of the species in the communities 
provide a possible explanation. The additive effect of peaks 
in recruit abundance in different species at the same time of 
the year (autumn) would be sufficient to produce a marked in- 
crease in NCP, A subsequent decrease in the recruitment rate, 
allowing predators to remove more recruits than were being 
added, would cause NCP to decrease. Any factors affecting the 
recruitment patterns could also markedly affect the pattern 

of NCP, A number of annual cycles would be required to deter- 
Mine if this seasonal pattern in NCP is consistent. 

The temporal variation in both diversity (Ny) and even- 
ness (Eo 4) Showed no consistent trends during the study. 
Overall, there was little evidence of seasonal changes in 
these two parameters, | 

Chance events of mortality (mainly by predation) and 
recruitment probably play a central role in determining the 
long term species composition and diversity of a small reef 
srea. There will be a continual influx of postlarval fishes 
in varying abundance throughout the year. Some may settle in 
recently vacated areas and be successful in establishing there. 
Others may be excluded by larger, mature fish or by the compe- 
titively superior postlarvae of other species. Many will be 
eaten by predators, particularly if they settle in an unsuit- 
able habitat. At any rate, there are bound to be large diff- 
erences in survivorship in different habitats. Recruitment 


will thus replenish the. losses to populations as well as pro- 
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viding colonizing members of new species, 

The patterns of space utilization of community members 
will further influence community structure. Different species 
have evolved different strategies for obtaining and holding 
space. Some show site specificity whereas others are general- 
ists. Juvenile and adult fishes frequently occupy different 
habitats. All of these factors produce a mosaic of differing 
space utilization. The territorial pomacentrids, by virtue of 
their constant occupation of an area, have a strong influence 
on the use of space by the more labile species. Within the 
reef infrastructure, the holocentrids show the highest degree 


of spatial constancy followed by the apogonids. The species 


residing in tube-worm holes and sponges frequently show high 


spatial constancy as well. The findings of this study generally 


, 


is 


confirm that space is intensively used on reefs and that spatial 


constancy in a number of species is very high. 

It is becoming clear that the patterns of diversity and 
species composition in reef fish communities will not be ex- 
plained by one general mechanism, but by many mechanisms acting 
Simultaneously at different levels. The elucidation of these 
mechanisms will reauire a great deal of experimental field 
work and hypothesis testing to augment the basic descriptive 


data now available. 
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